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ABSTRACT 

Tils conference report consists of the four opening 
addresses at the SMSG"s "Conference on Responsibilities for School 
Mathematics in the 1970"Sr" seven summary reports, and a proposal for 
a new organization for mathematics education. The summary reports 
cover the areas of objectives, teacher training, research, 
curriculum, evaluation, communication, and exploiting the work of the 
past decade in the next deca.de. An appendix contains an article on 
the role of probability and 'statistics in school mathematics. (DT) 
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PRKFACK 



The purpone qV this Con Terence was to provide the Advisory D^^ard of the 
School MathematiciJ St-udy Group with suggestions us to what it ought to do next. 
This Study Group, which came into exiTtence in 19*38, devoted its mnjor efforts 
to development of new mnthemntic.g curriculum mnterinls and also to n caret\il 
evaluation of the effects on students of different kinds of curricula. To 
reach its objec'tives, SMG^". developed n specific kind of orgnni',:ation and spe- 
cific kinds of operating procedures. 

As n result of SMGG's activities, nnd the activities of others, substantial 
improvements came about in school mathematics programs in the United States. 
Certainly, the situation in 19'^''0 was far better than it vns in 19^8. 

Standing at the beginning of a new decade, it was therefore appropriate 
to ask wliether the organir.ation and' operating procedures v;hich were developed 
for the oO's were still appropriate for the 70's. 

A broad cross section of the entire mo the.T.atical community was brought 
together, October 2'f> and PJ^, I'7r', to provide suggestions to the GMSU 
Advisory Board. 

The Conference began -^th four presentations addressed to some of the 
-particular problems to be faced durin^^ the 70's. The participants were then 
divided into four groups, each of which was asked to make specific recoiranenda- 
tions as to what needed to be done during the 70's for a particular topic. 
Tliese topics were: curriculum construction, dissemination of new curricula, 
research and evaluation, and teacher training. 

Reports from these four committees were presented in a plenary session at 
the beginning of the second day of the Conference. After discussion of these 
recommendations, the participants were again divided into four small groups; 
this time each group was asked to prepare recomr.endations and suggestions as 
to how these recommendations could be carried *out, who might be expected to do 
the work, what organisations would be needed, and who should assume responsi- 
bility. 

Reports from these four separate committees were presented and discussed 
at a final, closing plenary session. 

The S.MSiJ Advisory Board met the day after the conclusion of the Conference 
to review the suggestions and recommendations that had been put forth. Flowever, 
because of the large number of these, the Board requested its Chairman to ap- 
point an ad hoc committee to meet later to revie-.v all these suggestions and 
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recommendntiontj and to orgnni:',e them in n why wl;ich woulii make dinouaaion 
easier. j 

This nd hoc .committee (H, u, Heglo, Burton Cv^lvin, Donovan v'ohn.son, 
Karl Kalman, Jeremy Kilpn trick, J0£5eph P«,\me, and Henry Pollfik) met He comber 
11 and IP., Detailed accounts of the discussions mid group reports, prepared 
by the SMSii staff, were made available to this ad hoc committee in advance. 
With these an a starting point, the conmiittee was able to orf^ani:',e the con- 
clusions, suggestions and recommeudntions from the Conference into aummnry 
reports for seven broad 'ireas - objectives, teacher training, research, cur- 
riculum, evaluation, communication, and exploiting the work of the past decade 
in the next decade. The committee also prepared a proposal for a new organ- 
ization for mathematics education for consideration by the Advisory Hoard. 

These summaries and the draft proposal were sent to the Advisory Hoard 
in advance of its meeting January 20, 19'i'l. At that meeting the summaries 
and the draft proposal were reviewed in detail. Some minor editorial changes 
were made, after which the proposal was approved unanimously by the Advisory 
Beard. 

The Conference Heport, which follows, consists of the texts of the four 
opening addresses, the s^mnary reports prepared by hhe ad hoc committee as 
revised by the Advisor./ Board, the proposal for a new organir.ation for mathe- 
matics education as approved by the Advisory I^oard, a list of participants in 
the Conference, and, as an appendix, an article written and submitted during 
the Conference. 
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TtE STATUS' QUO - AND WHAT TO DO ABOUT IT? 

Phi Hip S. Jones 
Tlio Unlvorolty of Michlgnn 

The task set for mc wac to presont n pornpcctlvp view of thr proeent 
situation in mQtheinatlcs education, together with n list of the most urgent 
problems no seen by one person. Tlio modit'ication, Qcceptnnee or reflection of 
this cataloguing, nnd nil the solutions for the prohlenis are the task for the? 
rest of the group in the discussions of the next two days. 

When I asked myself what are the areas of our greatest current concerns 
and difficulties, I found that in this day of strong and sometimes illogical 
views, kidnappings, and guerilla warfare, I was thinking first In terms of 
the forces impinging upon us rather than in terns of the Issues, the open 
questions, which might seem the more logical beginning. For mathematl.?^ 
education I see three groups of forces: ( l) Thiose from the mathemntj cl'ang - 
themselves . Here I see (i) a continuing concern for introducing more mathe- 
matics earlier. Tliis means a more varied mixture of mathematical concepts, 
perhaps nn "integrated curriculum", as well as a translation downward of the 
topics of the existing curriculum. I believe come of this can and should bo 
doi-iC, but that there are serious dangers nnd overly simplistic analyses in 
some proposals for doing it. (li) I think that I also see in the mathematical 
community a slight movement toward less formalism and perhnps less stress on 
rigor and precision in the early year's of mathematical training, (iii) I 
believe that there is also a growing concern for displnj^ng the connections 
between mathematics and the rest of the world we live with. This concern is 
not merely to motivate students by displa^'lng the undoubted ut:3 li ty of our 
subject, nor merely to give them practice in solving story problems, but also 
to give them an understanding of mathematicn! models, their nature, uses, nnd 
construction. Concerns for pushing content down in the curriculum, for 
teaching insight into good modern mathematics, and for n proper regard for 
the utility of our subject have all functioned as issues In the teaching of 
mathematics for literally hundreds of years, but I have tried to imply that 
there are new views of them and new forces bringing them to the fore as 
currently important issues. 

' (2) The second group of forces operating strongly in mathematics educa- 
tion today are those stemming from the allied fields of educational £hi losophy 
and psychology . We seem to be in a period of revivalism, (l) Skinnerlsm, 
programmed materials, and some computer-assisted in.'^ tructional materials seem 
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to represent a return to a stlmulus-reBponsP psychology, while (il) the pro- 
nouncementB of Bruner otlr rocolloctiono of Voth mental liloclpllnn and goo tail, 
theorJeo^ and (iii) Ongne'o strcafl on tfio Importancr ol' hler'U'olilpn Jn Icarnlnj 
recalls Thorndlke'o theory of bondn . Ueve, too, the newer vlewo nvr not 
identical with thone of th'* pant. 

There alao nf?ema to bo a similar revival i\^ educational phi lonophi en . 
We hear much of Open schools, of free tiohools, of otuciento "vloin^ their thing'* 
a:id of need for relevance. In a recent pairel diccueslon of proMemn In tlie 
ochools on the Todtiy televlnion pi*ogr(\mj the "interlocutor" i-epejitedly jinked 
the participants If thio wore not a rctui-n to the progreooivp education ot' 
thirty or more yearn ago. I did not hear a good reply to thlu. 

This lend£3 to my third (3) ^ntegory of forceo impinging upon mathemritl cci 
education. Thesp are the sod etal forcen . Tliey are emVodled J n* Loth the deep 
prohlemo of affluence, colonlalioin, w!ir) race, etc., and rxlco In more overt 
public attitudes and demands. A recent Gallup cujvey^^^of the current public 
views of the major educational proMems lloted In orler: 1. Discipline; 
2. Integration-segregation; 3« Finance; H. Teacnerc ; f-. Fucllltlec; 
fc. Drugs; 7« Curriculum. 

SeverjQl of tliese may appear to have little to do vitli mathemnticc educa- 
tion. For example, I feel sure that when discipline was listed first, the 
persons interviewed visualized protests, trashings, riots, and fights. 
Although this may seem to hav.e.J.i tt le to do with mathematics eiUicatJon, if 
the causes of these breaches of discipline include lack of "j-elevance" in 
the schools, f eii lure to recognize and deal with students an individuals, 
overly formalized and routine Instruction as well as administrative organiza- 
tion, and just plain failure to teacli effectively, then we must ask if either 
our mathematical content or methods may not te signlf'cnnt contriVutors to 
the problem of discipline. 

But turning back to our list of major problems, and skipping for the 
moment integration, we arrive at finance and teachers . Here the name of the 
game is accountabill ty . In the Gallup Poll, Ifi of the adults favored 
national educational tests, 6Ti believed that teachers and administrators 
should be held "accountable", ^8'^ expressed the opinion that teachers 
should be paid in accordance with the quality of work whicii they did, and 
53^ registered themselves as opposed to teacher tenure as it is known today. 
If some computation of the cost-effectiveness of erjucation as a whole and of 
individual teachers is to become a basis for determining salaries and tenure, 
as well as b<=>ing tied in with the employment of private educational 
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contractoro, and thr jnirchaoft 01* pxprnotvp pquiinnoiit and mfitftiirtln, ihrn It 
behoovfjo the cducntlonal conunuiJlt.y fia r\ whole firiil thr maUiemnt:! cn edacHtlorial 
community In particular to ntudy critically thr* tofitn fo Vr* uord r\nil the 
oduaatlonfxl objoctlvoo upon which toot dove loptnent" rnuot he Vnood. 

It will not Im fair to ochooln or to tonchorn or to ihr. ntuilonto IT tho 
expectations of the community are not phraoeu and moanuml In tcmn of I'Oth 
the carel'ully detained rfoaln of mathcmntlcn education and aloo in trnnn of the 
nature of the educational netting. If teAchera are to Ve Judgod, poaolMy . 
oven paid, on the baoin of Bome mea.iure of ttiolr educational ef fectl venonn , 
then thio ef fectl venens muat not Ve noanured ooLely on the Vanln of n perfor- 
mance of atudentn on any old teato. All of our ohjectlveo, whatever they are, 
rnuot be measured and the effecti veneao of tnachero muat not Ve troacured merely 
by the raw a cores of our otud?nts, Effecti vener.a muot ie mean u red In temio of 
the relationahip between tent acorea and ouch other factoro an the aizc of the 
clasfl, the backgrOLindc !ind native ab-'Iltlea of the atudenta, and the materlalo' 
available for use In instruction. A teacher vho ic able to make nmnllcr 
changes in his studcntc but againnt greater odds may act-u«lly be more effec- 
tive than one who with u nmall claas and nVle studcntG can produce high ocoren 
on the college board exa/nG . Thin new ctrens on nasessment j national, state, 
and local, aljjo has its revlvnllstic ovortonen, recalling tho tenting movement 
of the early 20th century and Its role in * ho attacks upon mathematics prior 
to World Wai II. At that time the poor showing of students on computational 
exams supported accusations that we were doing a bad Job of Veaching fskllls 
many of which wbro rather useless. This could happen again. 

We must become quite specific about the goals for our Instructior. We 
should not ignore, even if they would let us, those who ^naist on a behavioral 
formulation for our obJectLvea and testing in terms of thete behavioral objee- 
tivec. However, mathematicians and mathematics educat- ij rrust decide whether 
or not they do believe in such goals as training in reasoning, problem solving, 
perception of mathematical structure, understanding of the model -bui Idlng 
process, appreciation of the nature and role of mathematics, the disnovery of 
fun and aesthetic satisfaction in mpthemntics. If we really do believe that 
we can and do t.iach for any of tliese goals, then we must come to grips with 
the problem of defining them more clearly and testing them in some reasonable 
and reliable manner. If undors tandi nfr is important, we must try to develop 
testing devices which will measure different levels of 'onderctanding js \:c\\ 
as the well-known problems vhich measure manipulative facility. 
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Wr^ tUioviM ahu.') look ofU'erully nn I »'iv\S ttit t pn! m o w own rrtttinnieu oi' 

fX|»«ct«J to \r nm\ii^y(*i\ Vy 00', ' 0^ 'wvt lO'f of tpote-i jx-^im !nt 1 on , 
Aft.or thi:' oliiiuU IM CHt Ion \vv\ \ t^m fonp l^^t tvl ty »*xperUi, tlit^ ')0^ *»xf> ro I n 
vf^vf* tot3t,r«J out on n M'unpl*' Kvoup of u tul^ iH u , Ol' tho ♦ 'i exj^j'rhien inntf^a, 
J*3 ncor'>l at. thn '0' irv^l or lohiw, '*r^ rioorrt) 'vt Inlow t ht« '0'' lf»vt«l, 
nri'l no ori'^ of n\r q\ir;U-,!onn wnn •iriiiwrrn>.l covvf^v*\y Vy niOJ'f Mi'\n >^0^ ol" tln^ 
ntuarnnu KMUrr our tP'^'hltiK In po'^v or on- (.-.o'tlti nvf* unroM 1 1 n i I I'M 1 ! y itot , 
Oil- pi'ot l<Mn In ot' (?oiirnr to rn\t\o t hr> Irvrl ni'O'U' nt u-innt t; , M h 'ihio 

cnnnnMnl. Mrir wn Vo ronliiitLo with rf^tVi'^nm to ♦hmio Irvrlr- of -inltl ovoturtit . 

r^t lit) now turn ^iwi.v from Miln nnulynln oT the t'ore»^i for chfuiK^^ Volrij.- 
li-oiwli- ♦■o i rnr toJay m'ithrin'\tJ c! nnn , oa icHt lon-a )mU loiio)Mio rrt , nn«l M.^^ 
t'.on'^rn' puM!c. l(^t U:i try 'inoMifv, rrml -';! n t or! ct " r\ppro'u?h to nrttInK 
tho ntngo for tho <H;'curn!onr. "o comr* 

At a cont'rrnnc^ on Miln fi'unr ^::r.rinr-i! tnpU? -An"! -iii I'^r Mi*^ tJ ponuorrli! p 

ton yp^ro 'igo, t,t;o opening, r^tLor nx'rnn ! vr , )i : tj tori cm I tru-.-'^y ^n \rd w! M: tho 
wHrntnp; th<it th.o m^i* linnFitl p.n rd-.icntlon oomun! couM not pxprpt Mio >-,rl of 
financial DUpport una popular lnt,rrri't In riMthnn-ti: cn ndacition t o oontJnno 
indcrinl f^^v, thit mathomatlcn rducntorr t hoiiirio l von muct 'V'.nlnnt tho 

onoot of lPthar)a;y and a divrrnlon of In^rrrr.' to other nf'ldn und othrr proh- 
Icns, and rin'xlly that continuing; rrfi^iUir nnd frnqurnt njinrnnmnnt of thr 
curriculujn iri'itprl alp projcchn thf*n In t\\o[Y h.ry-dr\y wir npc^r.snr/« 

In a look thn Hituro for mathnm^tlcn c hi cat Ion, Mr^nih-ill Stono pointed 
out at that conforence that there woiiUi bo a continuing nood to punh more 
a(lvanced mathcnatl ca ! natcrlalo down in thr currlcu'um. Tut that thrrr may 
Vn somo things that you can not do with children too early an age, Honco, 
he felt that thoro was a great deal of need for ^iddltional data frorr. psy- 
chology. He alco ntror.ned t!ie need to continue edue.at tonal ipfonn dovm Into 
tho elenentary school, to noek and utilize letter coojrliii-il^on with the other 
subjects of the school, that attention must ie given to ti-.e high, school matlie- 
matics desirable for non-^ollege-boand Ptadentc, and that therr mui3t he a 
closer rolatlonsiil p between t!ie math.enatics we teach ar, i tf;o applications of 
mathematics. In the MATr^nQ decade attacks vere r.our.ted on all those prol - 
lems, but many remain largely unsolved, prohably Veca-i-o they are difficult, 
perhaps because they ar*^ unsolvable. Let us hurriedly Mst some of tli^r-^ 
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COUrO^W iiul^^i I'i!!' 'listlit r** I.Minfil pn i e»twf*»h n-** '.evrt* ; or 'Mil {-cl^l.Of^i 

coui'tn!»u '.'it^ ivMij'iH p '.'k^et mn'oiM 'I'n >!<^vt» ;opo,i ry ;1 M ;, Uii' 

•ilr'oct (tut tmo>i«rit«^ :n»r:riiiU* u'il'ty ! p'u'M^lly irln^ o it ! f^'xu r»«l'i»»^l 
r.o nli*' pnu'*r.iJ o :' To j-r.'j ) » i ! oti o t' inu r '.\f*w\ • 1 cm 1 i;u^ I n , 

Olrior K.roup:! lov'* '.opl n^* cu'r! otil'u;! Mrroi-i^ln ^luvlii^r thin i'orlo>l ».«ivr 

Ciirrt cul'.ur. Irnpwvo;rr«{'.v iJ'. t l.y 'in I ^^.f* Compt'Ofirnn lv»» :'.r!.OM; M;it.!;rnn* ! iNvjJoc* 
fit C'\rVor.U'\> , IMlno!fi. fV'*}. ol' D.-'.-ir huvr" '.ni;.lf»ii 'o I'o^'un on m-^Trrlnin Vnv 
aupnrlor, or nt loun*, co!1pj.t pr'^pMrnf.ory i fit.i Irn* ji wIm. i'ohm'*!* pluiuiUfK 
to wrl*''* "I comploto iioooti i'lj'.v .'ict.ool i)!Nvr*i!ii r.* tTun Mii : n ' o^^i-nt »• I 'ifi l 
rr.O'irrr. approach. I'oti^ m' »,>,t> prrjfc;.i' of f;,o Mtfi' t::x*Ior. }iof»no,| hf^vf* 
th«» coinU nnl! on of Irlvr, oxo! t. or.*^n* , r-tiv'^, 'ml ox'T'tiMI Inv^'.vov.or;* 'in I 
In'ot'Oiit wJiIch wurc :Vitur<"l in «;Mo I fin.i '.' I l' 3 M curll*^r, 

nntcrl'iln for cu: 'uyi 1 I.,- i: nad'/nn*: n^o ,1 . Tl.U- *j;:'nup ^ noi.-co 1 l.o^^r* l-vir;.l or 

Co-inty, Mlchlgnn, pro/oc*:, nn :: C T .V project, fin! a r^'XH-i-con^prfd project 
wMcl;, unlor Gl'^naiUnr CilW h-i.-; loon C'Ot;cor:;o.l w' r.a* Piv <in i .ToVir-lr 
uniblo wi'i: Mexican /Vnor'canc and o^^.or ctudoritr vl';; a f; i ! v.k"^ ! ' y 1 1 rr'»i'0 
homp onvi r^nr.ont a.-id t ackfj;ro'-ind . 

I* 1/j no^ alv'iyc eloir whovj.or norn*^ proJocT.i* sr.o'tM *■ c^ior^tMod .'4. 
nateriil propnri*' ion or* -"ic cl'^r.ni'oon nanagnrrior.*:. pvcKr irrr; . I vcuT I Ilr: 
Willie John 1 7. • S.E.K.D. pro/ Oct, tjniv^rnl'.y cri*:if:o;i- Ar: '.'j^.o" Ic pro- 
ject ur lor Davli Po^jo, Roloi-t D'\v:s» Nhdlnon ir: i V'«:r;tor prc.''«c*,r; nnlor a 
clnccrocr* nf\nnj?or:or;t. heading. Tli-f^c*^ pi-o/octs :;nvo al* Dtrocnol onon-ondod, 
exploratory, dlccovory procoduron, l ut 01* an into! locrual •.■.-p^ ',nd vri ouV- 
atantlil toachor participation 'in:3 Inoflom.'.! p. j it::elt* «^:<per Imented 

vrlth p:*Oi.:rQ,mod r.'ir.orl^ln, anothor contr ! 1 iitor ^.0 c'. 'u^rronrr. ri'inagonont ind 




ERIC 



Individualization prograns . Tlicrc is q growing interect in mfiterials - 
centered and manipulative laboratory activities patterned after some English 
elementary school models. The problems of adapting to individual interests 
and capabilities at all levels arc substantial and increasing. Experimenta- 
tion seems to have shovn that students learn better and develop better atti- 
tudes when they see their objectives clearly, and when they have some freedom 
to Gcir-Gclect projects and materials of especial interest to themselves, 
fbwever, sharply defined conclusions on classroom management which are easily ■ 
passed on to yoimg teachers arc hard to come by. 

In addition to new curriculum materials and classroom management experi- 
mentation, the past aecade lias seen several in^io'/ measurement projects , 
S\SG 's NI£MA and the International Study i Aclileveinent in Mathematics 
testify to how costly and difficult mcfasurement is. The rapid current growth 
of national and local assessment point out how urgent it in to work on this 
problem, 

Probability and str.tistics has probably been the one area which coulo be 
classified under the iicading of motivation (although it vlIho involves curricu- 
lum materials) which iias had the most vocal and insistent proiX)nonts . How- 
ever, materials in thi :j field have been in short supply, and little used. 
Tliose experiments in '.eaciiing prol;ability and statistics with which I nin 
fruniliar have Veen disappointing in their effect on both students' knowledge 
and attitudes. It seems t!iat a great deal more needs to be done here. 

Tlilc past decade rias also seen the development of fi-c new Journals, 
several of their, stressing research in matht?matics education, as well as a 
research-orien^-cd organization and a first international congress. Organiza- 
tion seems to flourish; major definitive advances in motivation , management , 
materials , and measurement are harder to come by, 

Ifow can we assess the actual effect of the so-called "revolution" and of 
the acti^/ity of the past ten years. An interesting study was published by 
Milton Bocknan in School Science and Mathematics for April, 19^)9- Beckman 
has long been interested in the "basic competencies" which were defined by 
Post-War Plans of tfie National Council of Teachers of ^Mathematics as being the 
essence of what they called mathematical literacy. Their work was done and 
published prior to the development of so-called "modem mathemat-.ics" , and 
their recommendations focused on the over-all needs of the school population 
as a whole. In 1950-^-1, Beckman gave a test baced on these competencies to 
U2 schools and found that the mean score in the fall of the year on these 
tests was and thai it was r'* o in tho spring, lie gave the same tests 
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in virtually the zsu ? schools in 196?-6d. The means were ?^.9 in the fall 
and 61.1 in the spring. His conclusion, then, was that students who had 
been studying so-called modem mathematics and modern algebra seemed to be 
doing better with respect to those old objectifies than students who studied 
purely traditional algebra. 

We should not "be too delighted with such a result because the change of 
course is not tremendous, and one can always raise questions or objections 
with reference to the validity of the entire process used. Furthemore, a 
variety of studies have tended to show tliat students taught via our new stress 
on structure and rrjeaning and understanding with some adrled insistence on tech- 
nical terminology and precision have tended to do less well than more classi- 
cally instructed people, particularly with reference to computational and 
manipulative skills. There seems to have been in many of these studies some 
gain under the new mathematics in problem solving and perception or under- 
standing of basic mathematical ideas. One must always raise the question as 
to whether or not tests in terms of older goals and terminology can be validly 
administered or interpreted with respect to students tuu^^iiti under a different 
regime. 

At the college level, a number of^s'tudies have shown improvement in the 
background of college f res lime n, which a person teaching in the college hardly 
needs to document. All of us have seen freshman courses omitting college 
algebra, trigonometry, and even a substantial amount of the time put in on 
analytic geometry as evidence of the fact that content is being Tj i.jhed down 
from the upper reaches to the lower levels. We have seen svidents continuing 
to perform and even performing better than in the past in co 'arses which 'u*e 
not only more advanced in content but taught at a higher level of rigor and 
abstraction. We are now seeing linear algebra incorporated into the freslmian- 
sophomore program either incidentally to the calculus or in courses companion 
to the caloulus . Similarly, units and even shorter courses in probability 
and statistics are being developed for engineers as a part of their required 
beginning mathematics program and ve're on our way towards the requirement of 
some acquaintanceship with the computer for all engineers and mathematics 
majors, perhaps even for all college mathematics s-.adentG. If we needed data 
on the changed preparation of the average college freshman, we i^.ave a study 
(2) which shoved that at Western Michigan University there has been a sub- 
stantial decrease in the number of students entering without matiiematics or 
with algebra only and a substantial increase in the students entering with 
algebra, geometry, and trigonometry incorporated into a year or longer high 
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school mathematics program. These changes apply to freshri'-en of both sexes. 
More recently, Irene Williams of the Educational Testing Service hai> analyzed 
data gathered from students taking College Entrance Examination Bcai-d Tests (3). 
She sought to determine whether or not their high, school prograrns reflected the 
recommendations of the Commission on Mathematics. I shall not use our time 
here to detJiil those recommendations; however, 85^;^ of her sample had studied 
the field prcjperties and 3 A o^" tliem had met them before their Junior year 
in high school, l/^ "before r.rade 9» Inequalities haci been studied by <^0i: 
of her population, and 2/3 of them had done this before grade 11, The con- 
cepts of inverse function were familiar to TO;^- of tier sani^nle, and 50^ 
recoiled tha*: they had m?t exponential functions. ^O^^ also imported that 
their high school geometry had included coordinate geoinetry; and 33 
rated their geometry course as being both plane and solid geometry, However, 
only 20t' of her student population had studied probability and statistics 
for as long as at least one month. 

Insofar as teachers are concerned, we have the evidence of the tremendous 
growth of the National Council of Teachers of Mathematics from, a membership in 
l950-f>^ of 8,000 to a' membership of 76;0O0 in 1965-69. However, tiie rate 
of growth of the NC1M has been declining in recent years, the interest of 
elementary teachers and supervisors has teen turning away f^om mathematics If 
one can judge on the basis of subscriptions to The Arithmetic Teacher and 
attendance of elementary teachers at meetings. Studies of the effect of the 
CUPM teacher training recommendations for elementary teachers show a tremen- 
dous growth in one-semester courses in mathanatics for prospective elementary 
teachers, a moderate growth in two-semester courses,. but from any general 
aceptance of their recommended four semesters of mathematics courses for 
elementary teachei-s. It is my impression in fact that the CUH4 is going to 
withdraw a little from this advanced stand wi::h reference to required mattie- 
matics for elementary teachers in the forthcoming revised teacher training 
recommendations. 

Another trend in the past decade which we should hot ignore has been the 
change in the objectives of our students. As early as 196^; a study of the 
career decisions of very able students showed than "Talented male students 
appear to have shifted their interests from physical science and engineering 
to the humanities and the social sciences. Exceptions to this general trend 
are losses in the fieids of education and music and the gain In mathematics." 
(-0 Tills was a study of high school graduates who performed well on National 
Merit Tests. Enrollments in engineering and science continue to decline while 
students are flocking into the social sciences. 
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Apparently associated vith this trend ai*e the data drawn together in an 
editorial, ry Philip Ableson in the May, 1967, issue of Science (5). He 
pointed out that recent campaigns to increase interest in science and engineer- 
ing have not been very success fu] ani raised the question as to vhether or not 
this shift wa.T chargeable to more stringent secondary school curricula? He 
felt that there was a growing concern that too much - s being asked of the 
young in our secondary schools, especially with reference, of co'orse, to the 
college-bound students. In I967, Carol King, professor of chemistry at 
Northwestern, stated in a speech that secondary school students are being 
asked to do "too much, too fast, too soon". Here we see an echo of Marshall 
Stone's concern of ten years ago. Ableson ends his editorial with the statement, 
"Evaluation, looking toward proper changes, is in order", and this, you see, 
is again an echo of my earlier expressed concern for testing and evaluation, 
though admittedly expressed in a different situation and probably envisaging 
a little bit different type of evaluation, het me now turn from this semi- 
historical survey of the past decade to a summary of those forces whicfi seem 
most active on the current scene and those issues in mathematics education 
which seem most to the fore in today's schools* 

Both cari'ent educational panaceas invol\rLng "assessment" and "account- 
ability" and long range educational research and develoment demand a careful 
review of the goals of mathematics education parallel with the developnent of 
new and imaginative testing procedures. The question of whether or not all 
the valid goals of mathematics education have Veen or can be expressed 
behaviorally must be wrestled with. If accountability is to be stressed and 
based upon some set of more or less objective measures, then these measures 
must also include parameters associated vith the size of classes, the back- 
gro'^d and motivation of the students, the support received by students and 
faculty from parents, the assist'-.- orovided to teachers by the school system 
in tertr.s of materials, time, anc ' forms oi' supervisory support. Further, 
if schools p.nd teachers are to be ir.^-jured in these ways, they must be 
involved, -along with mathematics educators, not only in the formulation of 
the tests and in the specification of additional parameters used to detennine 
educational return per dollar investment, but tr.ey must also be heard with 
reference to the realism with which the goals are formulated and the tests are 
weighted. Measures of mathematical understanding, insight, problem solving, 
and perception of the structures should be added to testing programs, but the 
nature and level of achievement in these' areas and the stress upon them in 
the measuring instru-^en's must be realistically adapted to the facts that 
children develop their Capacities for higher levels of abstraction and 
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generalization over many years. It is not consistent with either good psy- 
chology or good experience to lay the same stress on these goals in" either 
teaching or testing at all levels of instruction and with all groups of 
students . 

Another currently popv.lar social outcry^ that for relevance^ should be 
associated with a longtime debtite amongst mathematicians themselves. I believe 
that it is important for I'^amers to see bo aspects of mathematics; its 
internal structure^ beauty and abstractness ^ and also its relationship to the 
physical world which frequently has "been the source of problems and initial 
ideas, and the concrete embodiir.ent of theorems, as well as the place to which 
mathematical theories have r°turned to aid in applications. I believe tliat a 
stress on interrelationships both vitlain mathematics and with the rest of our 
environment, mental and physical, is actually a part of teaching children what 
mathematics is about* Such teaching contributes to their appreciations and 
insights. This is niy belief from the \^evpoint of mathematics. From the view- 
point of psychology, I believe the same goals, teaching applications and 
modeling, are important aspects of motivations. How to 'iefine, teach, and 
measure for such outcomes is the problem. 

There is much that is not new about ny major points: reconsideration of 
goals has been called for repeatedly ever since instruction began. The basing 
of tesJting on well-defined objectives has been explicit and implicit ever 
since man began to test students. The importance of motivation and the recog- 
nition of utility as one aspect or type of motivation has nothing new about it. 
However, I have tried to show that there is a modem flavor and a modem 
urgency about all of these items which say there is something new and different 
about the situation today- 

A somewhat similar statement may be made with reference to today's demands 
upon classroom manag^^^ent" We are witnessing what appears at first glance to 
be a retum to the progressive education of the thirties. Some of the termi- 
nology is new. We heav of "free schools" and "open schools", and everyone 
today associates some vision with the phrase "doing your thing". Here again 
the philosophers &nd psychologists who call for these types of class rxDom 
management must not be ignored- Their educational goals are broadly desirable, 
und unmotivated,, disinterested, unwilling students are at their very best only 
poor learners. On the other hand, a significant part of the ess^^nce of mathe- 
matics is structure, deduction, and organization. Although there is no unique 
sequence for the organization of the learning and teaching of mathematics, it 
is difficult to supP^^rt mathematics instruction which is totally disorganized 
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and incidental. We must provide i basis; upon which cl?issix)om teachers who 
are responsible for classroom management can resist undue, improper, and 
unprofitable pressures for dependence upon incidental learning and insistence 
upon a narrow utility as an only and essential motive. We must at the some 
time encourage and help them to recognize the values of incidental learning 
and of pointing out interrelationships between mathematics and its environment. 
We must not lose sight of the existence of intrinsic interest and motivation, 
but we should not regard it as th.c sole motivation to be presented. Similarly 
we should continue to build problems and exercises that provide incidental 
maintenance of past learning and skills, but experience has tended to show 
that this is not enough. Adequate recurring practice must be planned for. 
In the thirties and forties mathematics educators had to fight the postpone- 
ment and disorganization that came from undue stress upon incidental learning 
and felt need as curriculum determiners. We replaced felt need motivations 
by an insistence upon the existence of im.plicit intnr'.rr^ and motivation with- 
in the framework of mathematics itself. We insisted that the utility of 
mathematics lay in its very abstractness and generalization, in the capacity 
for making one mathematical structure fit many real world si+-.uations . All of 
this was fine, correct, and I personally believe in it. However, I also 
believe in the existence, reality, and importance of boti sequenced Iccirning 
and incidental learning, of motivation from intellectual curioGity and the 
internal structure and beauty and logical constructs of mathematics and also 
motivation from perceptions of the physical world, of social-economic prob.lems 
which may bo formulated in mathematical terms and use t:;e abstract structures 
OS a part of th.e model-building pi'occss ^'iiich. helps to solve problems and 
predirt changes. In the past ten yoars we have tended to fivlng from one 
extreme to another, to focus on a new and changed perception of mathematics 
and its goals and thereby lose a valid view vh'ch s-iould h.ave been retained 
from the past. To incorporate all of these factors into teaching and teachers 
is a tremendous challenge whici; must be done not only to improve the instruc- 
tion in mathematics in th.o next ten years but even to retain i"or mathematics 
the public view of its role and importance which, has developed in the past 
decade. 

Teachers also need help in evaluating; ar.i using the opportunities pre- 
sented by new forms of classi'oom management. Do mathematics educators know 
enough about the role of computer-assisted instruction, of modular scheduling 
and team teaching to prepare teach.ers to reject or accept them, or to function 
effectively in schools using them? Is it possible to design relatively inde- 
pendent mathematics models viiich will allow different branching and content 
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adapted to individual needs and interests within the same grade, possibly even 
within the same class? Can teachers be trained and motivated even to create 
their own "incidents" while at the same time organizing and planning a coherent 
program? * 

The role of the teacher needs analysis as never befox-e. As I see it, 
today's varied concatenations of computers, tests, para-professionals , teams, 
and modules call, as never before, for well prepared flexible teachers with 
background and self confidence. The teacher still plays a major role in the' 
selection, sequencing, and assigning of priorities to the content specified 
by a text or curriculum and this role becomes even more important today. 
Further, the teacher is responsible for developing the informal and intuitive 
approaches which lead to desired understandings. It i^s largely the trained 
teacher, not a machine or a para-professional, who will commuricate to students 
enthusiasm, perceived relevance, and perceived goals. Training such teachers 
is an increasing challenge. 

In a somewhat impassioned speech given in 189'*- the mG^thernatician and 
logician Charles Sanders Peirce (6) stated that 1'..o intellectual powers needed 
by a mathematician are concentration , imagination , generali zation . Tlien, 
pausing for effect, he usked, "Did I hear someone say demons-'^-atio"? Why 
demonstration is but the pavement on which the chariot of the mathernatician 
rolls!" Let us keep that chariot rolling*. 
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PROBI£MS OF CURRICULUM DEVELOPT-IENT FOR THE »70s 

Gail S. Young 
University cf Rochester 



I will begin by reminding the reader hov short a time we have been work- 
ing systematically and on a large scale on thf» problems of the school mathe- 
matics curriculum. A few dates will help: the first National Science Founda- 
tion Summer Institute in Mathematics was in 195^^; the first grant was awarded 
to SMSG in 1958; and the report of the Commission on Mathematics of the 
College. Entrance Examination Board was published in 1959« I first met set 
theory 32 years ago in my first graduate course with R. L« Moore, and I 
contrast that with a little ten -page book made by the six-year-old son of 
one of my department secretaries, entitled Sets , on the k^^ page. of which 
there appears a picture of a set of k elements. We have been working on 
the problems of the mathematics curriculum in a systematic way only a very 
short time, and we have come a very long way. Mathematics itself has changed 
enormously, in methods, in approach, and in terminology, in the 28 years 
since I received my Ph. D., and these changes will certainly be reflected 
soon in the school curriculum. At the same time, the electronic computer has 
brought in an almost inconceivable change in the sp.eed and cost of numerical 
computation and has created a whole set of new concepts that are already 
shoving up in the curriculiim.' Combining all these, you will see why I feel 
distinctly hesitant in making predictions nov acout the changes in the curricu- 
luin to occur by 19BO. I am uneasily aware that as I write there is quite 
possibly some young assistant professor in Boston trying out cohomology tlieory 
on a fourth grade class in a ghetto school, and finding that it is wonderfully 
successful. I vould have more concern that such developments would invalidate 
my predictions if.it were not for the comforting fact that there are about a 
million elementary school teachers, and there iz no way on earth of teaching 
many of them cohomology theory in the next ten years. 

Our work has made great improvement in the mathematics education of the 
rather talented youngster bound for four-year colleges. One indication of 
this had been the sharp increase in level of freshman mathematics in the four- 
year institutions. This change in level is thoroughly documented in Volume I 
of the report of the CBMS Survey Committee, summarizing data gathered in 



Aspects of Undergraduate Training in the Mathematical Sciences, Con 
ference Board of Mathematical Sciences, Washington, D. C, 196T. 
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1963 ' Additionally, the Siunrey questionnaire had a specific question as to 
the impact of the new curriculum materials. About 70^ of the responders 
Eaid that the change in level was due to the new materials, and only 26% said 
no . 

We have also chEinged the elementary school program from rote drill in 
number facts to an understanding of mathematical concepts. And we have wiped 
out from the junior high school a vast amount of material which, as Professor 
Begle once remarked, could only be justified under the assumption that, on 
completion, the students would marry, get a job, and start raising a family. 
I believe that we can now say that the child in an upper middle class suburban 
school system receives a very good mathematical training indeed. 

But for the rest of the population, we have been much less successful. 

The Survey Committee asked the same questions about the impact of the new 

curricula in the two-year colleges. The returns here were half yes, and half 

no. When I examine the enrollment figures for various courses in the two-year 

colleges, I can only interpret this coin-tossing data as meaning that the two- 

3 

year colleges saw no., change in their students from the new curricula. A re- 
survey to be made this fall ( 1970) will, I think, show no great change in the 
enrollment pattern in two-year college mathematics. What that will mean to me 
is that for somewhere between a half and a quarter of the students going into 
post-secondary education, all our work on the curriculum has mesmt little. I 
believe that this is unacceptable. Even if those of us in this room can live 
with it, our society cannot. 

The technological revolution resulting from the computer has made 
irreversible changes in society, and the rate of change is accelerating. It 
is not a question of ;^ether we can enrich our students' emotional and intellec- 
tual life through the contemplation of mathematical truth; it is rather, can 
we teach him enough mathematics to keep him off welfare? I think it is that 
question, in its various ramifications, that will dominate curriculum work in 
the next ten years. For the next few paragraphs, I am going to abandon my 
role of prophet and say what it is I think we must do. We must, first of all, 
take a quite different approach to the elementary curriculum. A common 



The exact question is, "It is desired to know the impact, if any, of the 
nev curriculum materials (such as those of the School Mathematics Study Group, 
The University of Illinois Curriculum Study in Mathematics, the Minnesota 
National Laboratory, etc) on the entering college student. In your judgment, 
ha\'e such materials had an impact (e.g., extent of preparation of students, 
level of preparation, etc.)?" 

^Approximately half the enrollment in mathematics courses in the junior 
colleges, freshmen and iibphomores alike, in the fall of 19^6, was in courses 
below the 12th grade. 
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characteristic of all the new elementary curricula is that the development of 
.mathematics has been logical rather than psychological, adult, so to speak, 
rather than childish. By this, I mean that if one had an educated adult who 
inexplicably had failed to learn any arithmetic, the way one would approach 
his education would be exactly in the spirit with which we approach the six- 
year-old. One could, for example, take Landau's Grundlagen^^ and proceed 
through this. This is exactly the line of development of some commercial 
series, developing set theory, the whole numbers, the integers, the rational 
numbers, and finally the real numbers. Or one could take somethins of an 
axiomatic approach and begin with a simplification of the definition of the 
real numbers as a complete ordered field. This is approximately the line of 
development urged by the Cambridge Conference which advocates the introduc- 
tion of the number line in the first grade. If any of these approaches worked 
universally, we would have no problems, and it is easy to find external rea- 
sons which could explain why these approaches have not been universally 
successful* One can give many explanations and thpre is something to be said 
for each of these. One could talk about the realities of teacher training in 
the United States. One can talk about the conditions under which many of our 
children live, or any number of other factors which are outside the control 
of groups like ours. But the fact remains that, because of our ignorance, 
we have now no real choice but to teach in a logical order. We know almost " 
nothing about the psychology of mathematical learning in the child - or indeed 
of any other kind of learning. We have experience, we have intuition, we have 
introspection, but little knowledge. We know more about the mental processes 
of schizophrenics than we do about normal healthy thi rd -graders . 

What, it seems to me, learning theory attempts is the isolation of some 
part of the psyche that controls "learning", while ignoring the psycho-sexual 
development of the child. Anna Freud has, I think, much more to say to as 
about the teaching of rational numbers than does - well, I won't select a 
vi c ti m . 

I am beginning to encroach on the territory of Professor Begle's paper, 
but the encroachment seems to me unavoidable. A major part of our effort 
must go into finding out how the child learns mathematics, an<*i teaching him 
in the order of topics best suited his psychology, with less regard to the 
logical order. 

^E. Landau, Grundlagen der Analysis , Chelsea, New York, 196^.. 

^ Ctoals for School Mathematics , Cambridge Conference on School Mathematics, 
Houghton Mifflin, Bos ton , 196U . Also see their Goals for Mathematical Educa - 
tion of Elementary School Teachers , ibid, 19^7. 
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Let me say more concretely what I mean by this psychological order. A 
friend remarked that his child was fascinated by the concept of infinity at 
age 10, but at age 12 had lost interest and was then fascinated by finite 
combinatorial ideas. Logically, one proceeds from the finite to the infinite, 
and actually we shield the innocent child from concepts oT infinity for quite , 
a long time. If my friend's observation had general validity, we should tak^ 
up finite sets in the hth grade, whether or not we had prepared a ''■;gical base. 
3y grade x, h < x < 20, the vhole process of instr 2tion should presumably 
have covered the logical structure necessary for adult understanding, and the 
student should so understand it. But it is not necessary before grade x to 
have always been logical, certainly not if we can teach more. 

I will remark parenthetically that most research in mathematical educa- 
tion has been the accumulation of facts, of the sort that in the physical 
sciences is recorded in handbooks. That is, we learn such things as that 100 
children taught fractions by .nethod A do significantly better on standard 
tests than 100 children taught by method B. This is a fact, and if the 
experiment is reliable, we adopt method A over niethod B. But there is 
nothing in this sort of r-search that gives us any powers of prediction. We 
cannot say, for example, what the results of using method C would be. 

Let me elaborate that a little. A fact of physicr. , in the handbooks, is^-^.. 
that copper is a better conductor of electricity than iron. That one can dis- 
cover jy^experiment, with no understanding of why it is true, and no basis for 
saying what the answer is for lead. The line of scientific explanation I once 
knew was concerned with atomic structure, and was rather deep. It is a level 
of theory out of our reach in teaching", perhaps forever. But consider the 
conductivity of heat. Here again, copper is a better conductor than iron, 
and here again there is a deep explanation. But there is also a scientific 
explanation, at a much shallower level, that makes, prediction possible. Iron 
"holds more heat" than copper, and so lets Ipss through - to sound more 
impressive, iron has a higher specific heat than copper. We can tell the 
heat conductivity of lead by determining its specific heat, a simpler thing. 

Besides these protlems of research and psychology, it seems to me that we 
have not really thought through the aims of our curriculum. I first became 
aware of this myself when I went two year^ ago with Henry Pollak to Africa to 
study the effectiveness of Entebbe mathematics.^ We found ourselves for the 
first time in societies where, for the indefinite future, a large fraction of 

^ "Entebbe" refers to primary and secondary school mathematics programs 
developed by the African Education Program of Education Services, Inc., Nevton, 
Mass. These have been published by Science Research Associates. 
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the children would not get beyond the fourth grade. This fact raised in our 
minds many novel questions about the elementary curriculum, ques'^ions which, 
we soon realized, we had not thought about in connection with oU2' own country. 

To illustrate, many of the children who left school this early would be 
farmers in cooperatives. There are decisions to be made by such cooperatives, 
such as, "With this year's profits, do we buy another pump or buy a tractor?" 
The analogous problems in a major U.S* corporation would be approached mathe- 
matically. Ir, Africa, in the first four grades, should some attempt be made 
at least to make the child aware that such problems can be studied analytically? 
That is a question about goals. We still have the difficult, if not impossible, 
task of implementing that goal, if adapted. 

In this country, we have no such dramatic problems. But nevertheless I 
cannot say what are the goals of our curriculum. I think it is not too much 
of an exaggeration to say that the bulk of our curriculum work in the schools 
has been aimed to maximize the number of children who will be prepared for 
calculus. Is that really the goal we should have? My asking the question 
does not mean that I am convinced the answer is no. But we must think through 
what it is we should be doing. 

A major part of curriculum development in tiie next decade will be the 
development of variant curricula for the various minority groups in our cul- 
ture, the black, the rural poor, the Mexican -Americans, to name three. For a 
variety of reasons, we are failing very badly with these groups. To deal with 
them successfully, however, requires more than mere curriculum changes. The 
remarkable work of William Johntz and his SEED project in California has much 
to teach us, but can be misinterpreted. To return to my African experience, 
Pollak and I decided that what we saw there shot down many of the usual explana- 
tions for the difficulties minority children have in our schools. In one 
country we saw elementary school children living in what could be regarded as 
appalling proverty, going home to houses without electricity, without books 
or magazines, with illiterate parents, but doing Entebbe mathematics vdth the 
enthusiasm and apparent success of Chicago suburban children. Their teachers 
were, by our standards, inadequately trained, usually the products of two-year 
normal schools, yet clearly very successful. But in the next country, we saw 
nothing like that, much success. How could one account for the difference? 
The two countries were alike ethnologically, culturally, and economically. 
The difference, we felt, was that in the first country the schools were firmly 
In control of the Africans, and in the other country the schools were still 
controlled by expatriate teachers. In the second country, it seemed quite 
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clear that no one expected the African children to perform at anything like «* 
European level, and the children didn't. Now that, I believe, is the situation 
in our' ghetto schools. No one lelieves that the students can do well, and so 
they don't* The success of Johntz's work, to me, rests not so much on what he 
has been teaching, as on the firm belief he and his co-workers hav*™ had -hat 
these children can do wonderful things. 

Let me give another concrete example, an embarrassing and painful one to 
present publicly. I was finally convinced that I had eradicated all vestiges 
of prejudice in me long before I went to Africa. In Dodomo, Tanzania, 200 
miles from the coast, I taught for an hour the most responsive, brightest class 
of my life. I began with a puzzle question, which I had tried on classes of 
every level in this country. The class response was better than most first- 
year graduate classes. I was amazed by these students. Later, I realized 
that until I taught these-students, I had never really believed that a class 
of black students could do as well as a class of whites, though I would never 
have admitted that to myself. This was a totally unconscious vestigial pre- 
judice . 

There is evidence besides my own limited experience to confirm me, but, 
if I am correct, oar major problem in the ghetto schools is the eradication of 
racism. This wl 11 be a long painful process, and, like most psychological dis- 
orders, it will not vanish until we have become much more conscious of it than 
most of us are. I emphasize this point because, if it is valid, it should 
affect the nature of special curricular materials for minority groups, and 
also affect teacher training for these groups. There are objective differences 
in culture that must be taken account of. But suc.h materials vill not be 
successful if they are based on our unconscious presupposition that the chil- 
dren cannot do well. 

I would like now to address myself to specific problems of the curriculum. 
Let me summarize quickly the mathematics curriculum of the '^Os and early '50s. 
Grades 1 thru 6 studied "arithmetic", the rote manipulation of whole num- 
bers, fractions, finite decimals, percentage and proposition, with some 
allegedly practical material, such as the preparing of grocery bills. Grades 
7 and 8 applied this arithmetic to the problems of interest, stoi-jk broker's 
commission, and other such matters of vital concern to the age group. Grades 
9 thru 12 followed a curriculum which ultimately had its origin in British 
school mathematics of the l8^0s. and which had changed primarily by success iv^^ 
dilutions as the secondary school itself changed to mass education. I have 
said earlier that the changes since then have been amazing, but they have been 
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motivated primarily by the desire to give the stuaent the same content in a 
form that can be understood. This clarification has been more successful in 
those projects that have included professional I^sea^'ch mathematicians than in 
those that have not. There have been astonishing distortions of what I regard 
as the spirit of mathematics in some of the others. I have in mind, for example, 
a commercial 8th grade book in which the definition of multiplication of 
raticnals i3 tjlven in terras of operations on equivalence classes of ordered 
pairs of equivalence classes of ordered pairs of equivalence classes of ordered 
pairs. I hope in fairness I have the right number of repetitions. Or of 
another 8th grade text in which it is explained that rational numbers were 
introduced to make it possible to solve equations of the form ax = bj a and 
b integers., -and in which, if I may attempt to get at the meaning, a rational 
number is defined as an equivalence class of such equations. How was it 
possible for such distortions to occur? I suppose that fundamentally it had 
its origin in the very small number of mathematicians the country had 15 
years ago. There simply were not enou^jh well trained mathematicians to do the 
necessary task-;. Another factor, arising from the first, has been the neglect 
of teacher training in the stronger mathematical centers, a problem still not 
satisfactorily resolved. Still a third reason was the emphasis in the first 
NSF summer institutes, where the college and university mathematician, faced 
vlth a group of students of poor background, almost unanimously selected logic 
and the foundations of the real numbers as something they could 'teach to their 
classes. These distortions must be corrected, and I hope that one result of 
the several new journals in mathematical education will be thorough-going 
critical discussion of such matters, bringing all these things out into open 
air. 

But we have more to do than the elimination of these misconceptions. 
One task is the incorporation of the effects of the computer in the school. 
Let me indulge in a little speculation- In 1975j it has been estimated that 
we will have 100,000 computers in operation.. It does not seem unreasonable 
to me, and I have tried this figuj'e out on various computer experts, that, on 
the average, for each such computer there will be or should be about 10 
people with some direct involvement in the computer having at least some 
mathematics and computer science training at the undergraduate level. This 
includes people in managerial positions who must make decisions based on an 
understanding of what the computer can and cannot do, advanced programmers, 
and other tecrinical personnel, tut does not include, for example, engineers 
using the computers for purposes of computation. That is a million people 
who must have a specialized technical training, out of a total working 
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population of around 90 million. Would it be too vild to say that 5 times 
that number vill find themselves using the computer? I find myself unconcerned 
about the accuracy of these particular predictions because nothing that is being 
done at this meeting vill affect the employment of anyone in 1975 ♦ Wliatever the 
outcome of this meeting, it vill not be until the "SOs that any significant 
number of students vill be affected. 

One of the major tasks of the 'TOs vill be determining the proper place 
of the computer in the school program. It is already clear that much' more vill 
happen than a senior course in programming for the college-bound. Such con- 
cepts as flov diagrams have proved themselves valuable in the actual exposition 
of mathematical ideas, and will certainly work their way down further and fur- 
ther in the grades. But I believe that more than that vill occur. I wish I 
were technically competent to map out the changes. But I cannot even guess as 

to whether, for example, sixth graders will have direct access to computers "by 

7 

1980. In an earlier paper, I said at great length that nobody knows vhat the 

implication of the computer is for calculus. To say it more briefly, a very 

great deal of the calculus turns out to be in there for the purpose of avoiding 

hand computation by altering answers to forms findable in tables, or in setting 

up and Justifying methods which, at that level, have their Justification as 

numerical methods. In discussing what topics should remain, I said in the 

earlier paper that I feel like an old flint-worker, aware that the Bronze Age 

has arrived, discussing what techniques of flint making should be taught to 

all the young braves. All I know for sure is that we must give most serious 

8 

attention to the implications of tha computer for the school. 

Let me give one small concrete example. I can sure that many- of my readers 

• 9 

have seen George Fo^"ythe*s CUIW paper, "How to Solve Quadratic Equations." 
When ve come to the : .'dratic formula, should wo now stop and talk about the 
computational questions Forsyth a raises? 

The advent of the? computer has meant a great increase in the mechaniza- 
tion of society. It is, I believe, the ultimate cause of the tremendous accele- 
ration of technological change. 



'^"The Computer and the Calculus", Educational Studies in Mathematics, 
Vol. 1, 1968, pp. 105-110. 
o 

For a discussion of computers in the colleges that has many implications 
for the schools, see Computers in Higher Education, Report of the President's 
Science Advisory Committee, Government Printing Office, 19^7. This is the 
report of the "Pierce Committee". 

CUR-I monograph, 1967* g ^ 
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I mean by this that the computer makes possible the non-experimental 
solution of problems of design, replaces much testing by computer simulation, 
and controls directly processes beyond liumian skill. Thp time scale I'oi* 
developnent has been altered. It seemc to me that one implication of this is 
that the?:'e must be a greater increase in the student's understanding of mathe- 
matics as a tool for solving real problems. At the least, the student being 
prepared foi" the '80s and the '90s must be aware Uiat tliere are wliole classes 
of problems which ^leld to mathematical methods coupled with the computer. It 
is beyond my powers to estimate how far this will have to spread. Should every 
truck dispatcher, chief shipping clerk, service manager, shop foreman, airline 
passenger manager, have some understanding of linear programming? We cannot 
afford to wait until the '80s and '90s to find tlie answers to such questions. 

Once one turns away from the classical applied mathems.tir: '• ased on physi- 
cal laws to the newer areus of application, one finds probari 1 theory be- 
coming important. I myself managed to take mathema'ics for 19 yenrs witliout 
ever running into probability, and I suspect that this still occurs, but that 
is also something that must stop. 

I have been describing up to now a grimly practical approach to the curri- 
culum, an approach designed to keep the students off velfare, to teach .them 
all about computers, to teach them applied mathematics and probabi li t^"/ I 
would now like to switch abruptly to another side of the curriculum. It may 
appear that I am trying to make sure that when I9Q0 comes I will ' e able to 
say that I predicted successfully tlie direction oV the curri culu.'n, whatever 
thpt direction has been. But suppose that I nov were given a class of 9th 
graders, told that I could teach them for h years, and that I cculd rest 
assured that every one of those students would go into scientific work in the 
physical sciences, engineering, or mathematics. V/"aat would I do with them? 
First of all, I suspect, I would start teaching them group theory. Additionally, 
that first year I would teach them geometry from the standpoint of t ran reforma- 
tion groups and begin the study of morphisms. By the time they graduated, 
they would have had a good deal of abstract algebra, linear algebra, and a 
very thorough course in calculus. All through the h years I had them. 'tliere 
would be great emphasis on the working of difficult, interesting problems, 
most of them purely mathematical, and- simultaneous ly, great emphasis on struc- 
ture. If I were properly successful, I don't knov of a college in tho country 
I could send them to. It is clear that when I think of students like that, I 
have entirely different curricular ideas. Hov do I resolve this conflict in 
my own mind? At this point of writing,, I don't. There is a real difficulty 
here. To take the case of physics alone, it is clear that the highest and 
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most "recent Qbc tract Ions are finding employmont t lie re. I have seen the reports 
of a Gummor research seminar on relativity theory wU^ch included a chapter on 
cohomology theory of locally compact spaces. Lie groups and group representa- 
tions an? becoming conuiionplnce « In my own university, the physics department 
offers a course called the Algebraic Methods of Theoretical Physics, parallel 
to the traditional Courant-Hi Ibert course, that includes linear algebra, vector 
spaces, and the theory of finite and continuous groups* Special attention is 
given to the symetric group, the 3-dimensional rotation group, and the unitary 
groups. This is very different from the traditional concept of "useful mathe- 
matics" and vas pure mathematics 30 years ago."^^ A very few children in 
each school will need such concepts professionally. It is not an easy ques- 
tion as to how to meet that need. In the preparation of students in tlie 
schools for scientific research, the European ciiirricu la seem to me to have it 
all over our own, or over the Russian. This superiority is gained at a price* 
It seems to me thac both in Russia and the United States, countries with 
ajnazingly similar problems, much better attention is paid to the mathematical 
needs of everyone. 

My own belief is that, there is a genuine conflict h^re, that we cannot 
use the same basic curriculum, altered for different levels of ability. 
"Tracks" are valuable, but run along the ground. This small group of students 
I am now considering needs to be airborne. Is this socially feasible? I do 
not know. Tliere is, however, experimental work with such a highly mathemati- 
cal curriculum going on, for example, the work of Howard Fehr and his group, 
and work of this sort must be continued. 

Finally, I would like to talk about some msmpower questions. At the 
beginning of the "new mathematics" movement, there was a great involvement of 
university research mathematicians, some of whom switched permanently to work 
in mathematics education. I think that nothing like this is now occurring. 
For one thing, we have succeeded in alleviating the frustrations of the uni- 
versity freshman teacher by providing him with students that are often better 
trained than he knows. Yet none of the developments that I have described 
can possibly take place 'inless we have the cooperation of mathematicians at 
the highest level of research trrrlning. We must regain the attention of the 
research community. 



For a further discussion of this point, see parts of my note, "Comments 
on a * Commentary*", School Science and Mathtmatics , 19^^'- pp. 5^5-5^9« 
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A vastly Larger manpower problem, so far as nuinters are concerned, is 
that of teachers. My readers will all be aware of the recomraendQtiona of the 
CUFM Teacher Ti*aining Panel for 12 hours of special mathematics for the 
elementary school teacher, and will be aware of how far we are from this 
modest goal. I myself am ready to say that we will have to switch to mathe- 
matics specialists in the early grades in order to get faculty competent 
enough to teach the curricula that the children can demonstrably handle and 
demonstrably need. The CUIW recoranendations have been much more successful 
at the secondary level, but ve are still far from producing secondary teachers 
really well trained to begin teaching in such experimental curricula as I have 
outlined. 

A necessary part of the solution to these manpower problems is money. 
Money is scarce. I do not want to blame Washington, or the Viet Nam war, or 
other such highly visible targets for this shortage. Society itself has not 
seen the need. Curriculum development is really not expensive. To use my 
favorite figure, one that must strike some deep choixi of moral revulsion in 
me, the extension of the Massachusetts Turnpike into down town Boston cost 
thirty million dollars a mile. I think that the sum total of all expenditures 
on curriculum development in mathematics since Sputnik has not come near that. 

This paper has presented a bewildering number of tasks. If that is the 
impression the reader has, then I think my exposition has ceen successful, 
because that is exactly what we have. But success in all these tasks is 
necessary - though not sufficient - for the preser-zation of oar society. 
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RESEARCH AND EVALUATION IN htATflEMAia CS EDUCATION 

E, G. BeglG 
Stanford University 

In mathematics education we have been attacking two problems; the. problem 
of teaching better mathematics, and the problem of teaching mathematics better.. 
I submit that we have done very well on the first problem and very poorly on 
the second. In the last decade or two, as Professor 5foung pointed out, we have 
made it possible for children in our schools to learn much better mathematics 
than we were exposed to when we were in school. V/hlle we may not have made 
as much progress as we had originally hoped for, we certainly have made sub- 
stantial improvement in the quality of the mathematics in our school programs; 
and we have substantial and powerful evidence that students can and do learn 
this better mathematics. 

Furthermore, we have learned over the past decade how we can continue 
to make sure that students are provided with better mathematics, We have 
learned how to arrange the needed cooperation between classroom teachers and 
research mathematicians, how to write new text materials, and how to' evaluate 
them. In short, the problem of teaching better mathematics is under control. 

Tlie problem of teaching mathematics better is not. Let me list some of 
the attempts that have been made during the past dozen years. In the late 
50 '.'3 numerous efforts were made to teach by means of movies or television. 
Next came teaching machines and programmed learning with the promise that 
these would make it possible for all students to learn, although perhaps at 
different rates. Team teaching once commanded, and to some extent still does 
command, considerable attention. The discovery method of teaching has been 
held out as the answer to our problem of teaching mathematics and other sub- 
jects better. I-tore recently, indi\adually prescribed instruction has been 
proposed, as has been computer assisted instruction. We have been offered 
modular scheduling and flexible scheduling, Quite recently our attention has 
been called to mathematics laboratories. 

However, the actual state of affairs :.s that for each of these panaceas 
either there is very little empirical evidence of any kind, or else there is 
a great deal of empirical evidence vhich demonstrates that the new way of. 
teaching is no better, though often no worse, than our o.ld-fashioned ways. 

Recently I tried to find out something aiout the effectiveness of 
individually prescribed instruction and discovered that empirical information 
is quite scarce. Also, at the request of the SMSG Advisory Board, I tried to 
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obtain empirical infoimtion ahout the elTectivenesB of mRtliematics labora- 
tories*. All I could find was one report of a study done in England about ten 
years ago, which indicated that a kind of mathematics laboratory in use there 
at thot time was slightly less effective than traditional methods as far as 
student achievement in mathematics went* 

On the other hand, it turns out that there is quite a bit of information 
about the effectiveness of teaching by television; A large number of studios 
have been carried out using a variety of subject matter areas and comparing 
television teaching with standard face-to-face procedures « The net result is 
a stand-off. For each case where television teaching shows an advantage, 
there is another case where it is at a disadvantage, and in all cases the 
differences are small. 

The same thing is true for teaching machines and programmed learning. A 
vast amount of experimentation has been carried out, and a vast number of com- 
parisons between programmed learning and more conventional teaching procedures 
have been made. The distribution of differences in such comparisons seems to 
have a mean of 0. 

The same is true for discovery teaching. A vast number of comparisons 
vrlth more conventional teaching procedures have been made and again the dis- 
tribution of differences seems to have a mean of 0. 

To sum up, our attempts to teach mathematics better have either failed 
to demonstrate any Improvement or have failed as yet to provide any evidence 
one vay or the other. The problem of teaching mathematics better is not under 
control. 

In reviewing this list I was reminded of two books I read shortly after 
the end of V/orld War II. One was a report on the development of the atomic 
bomb; the c^'.her included a report on the development of the proximity fuse. 
This latter was a small radio set whicii could measure the distance between a 
anti-aircraft shell and an enemy aircraft and explode the shell when the dis- 
tance became small enough. This radio set had to be strong enough to with- 
stand the shock when the shell was fired out of the anti-aircraft gun. 

The developers built a radio set of the proper size, and then throw it 
out the window onto the pavement of the next door parking lot. They then 
retrieved the set, opened it up, and looked to see what had broken. The 
broken pieces were replaced with stronger ones, and the set was then tossed 
out of the second-story window, and so on un'Lil they finally had a set all 



parts of which were strong enough. 
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I have the impression that in education we have been trying to conotruct 
an atcxnic bomb rather than a proximity fuse, and that we might -very well have 
been better off right now if we had tried to make small step-by-step Improve- 
ments rather than spending all our time looking for major break-throughs, 

If we are to undertake a research program with these more modest aims, 
then the question ai*ises as to where we start. Before trying to provide any 
kind of answer to this question, let me turn to another matter, I provided 
in advance of the Conference a copy to each of the participemts of a paper* 
which I prepared a year ago, I did this in order to call to the attention of 
the participants two very basic laws about mathematics education, and probably 
education in general. 

The first of these states: 

Thp validity of an idea about mathematics education and the 
plausibility of that idea are uncorrelated , 

The subject of teacher effectiveness provides a number of confirming 
examples. Many of our most plausible ideas about teachers have turned out, on 
the basis of empirical evidence, to be wrong, I can now add a footnote to the 
discussion of this in the above-mentioned paper. In reviewing our data we 
discovered that a number of the fourth-grade teachers involved in the SMSG 
longitudinal study were in the Study the following year teaching fifth grade. 
Similarly, a number of teachers at the seventh-grade level in the first year 
of the Study were again teaching at the eighth-grade level in the second year. 
For these teachers we computed effectiveness scores for the second year of the 
Study and then calculated the correlations between first-year effectiveness 
and second-year effectiveness. These correlations were not very high. Teachers 
who are effective one year may be less effective the next year. What this 
implies for teacher training I am not yet prepared to say. 

I can supply a few more illustrations of this law. When I first became 
a member of the faculty at Yale University many years ago, I remember being 
very impressed with the Dean of Yale College, because he knew perfectly well 
that it was all right to teach English literature, or political science, or 
freshman chemistry, or practically anything except mathematics, by means of 
large lectures. When it came to mathematics, however, teaching had to be done 
in small discussion groups, I was very pleased that this obvious fact was so 
clearly understood by the Dean, 

The Role of Research in the Improvement of Mathematics Education , 
Educational Studies in Mathematics, Vol, 2 (19^) pp. 232-2iii+, 
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Only rccontJ.y did I conu? acixDnn ovidenco Indicating that Voth tlip Derm 
and I were wrong* 

It turnn out timt thorc have been, a Inrge nuinlor of studies, i\t the 
college lovel, comparing different procoduroo wnlch mnged from I'argo loctureo 
through dlacuoclon claaseo to Independent otudy* Wlion thoco GtudleD are 
examined together, It become c clear that no one procedure hac any advantage 
over any other, and in particular tlint omull dlccuaalon clanr.oo are no more 
ofTectlvo than large lectures on the one hand,, or Individual study on the 
other. The plauolMe (in fact,* the ohvlouc) Just wao not true, 

Ti\c same organization whlcii carried out thi.n compilation of studies on 
class olse was al^o the one which compared TV with face -to -face teaching, as 
men*-loned a^;ove, in which no significant advantage for either procedure could 
be found* However it was pointed out that, unlike face -to -face teaching, TV 
teaching provided no possibility for student feedback or questioning. Con- 
sequently some studies wcro carried out in whlcli students had access to a 
microphone and could question the lecturer, Tliis plausible suggestion, how- 
ever, turned out to be a mlsta'.;e. Feedback and questions from the students 
resulted in significantly less student achievement than vitliout. 

My second law atoat mathematics education reads as follows: 

Mathematics education is much more complicated than you expected 
even though you expected it to be more complicated than you 
expected , 

Professor Higgin' s study of the effects on student attitudes of :i Junior 
high school science-mathrmati cs unit is a good illustration of this lav. 
Another illustration is provided by an analysis of the effects in grades four, 
five, and six of certain conventional and certain modern textbook series, 
O'/er a three-year period students were administered a large number of differ- 
ent mathematics tests. The patterns of achievement on these various tests 
within the three modern textbook groups were very complicated, as was also 
the case for the three conv^' ;onal textbook groups. Finally, contrasts 
between the modern textbook gi-oups and the conventional textbook groups vere 
equally complicated. The simplistic answers which many of us had originally 
expected to obtain from^this study did not appear, 

I try to keep these two laws in mind when I am planning research in 
mathematics education. In the first place, I do not choose the most plausi- 
ble alternative before me and invest all of my time and resources in it, I 
'nave no expectation of developing a major breakthrough. 
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Wo matter wiuit I do doc I tin lo Irr.'on tlgnty , I expect, tho rouultn to 
quite complicuted und therefore I !im not mitljlMeU vLtli oimpllntie niericurnii . 
I proi'cr to moanure the vuIupd of nuiny d'l ffererit Indopondent and dependent 
Y!iri nMo£3 . 

Onn Douree of problemo worth ompirieal. Investigation \c, ouggeoted by tlie 
quoction of objeetiveo o f mathemat I ea eduention, A largo nuniler of olijeeti vea, 
eae!; s peel fie enough to be mcncured, have been ouggected Qt one time or 
another. Theco seem to fnll into throe elnsseo. First, n tople may be 
reeommended for Inelusion in the mathematles eiirrieulum beenuse it is intrin- 
sieaJ.ly valuable. For example, theoo days it is often stated that every well 
educated citizen should have some understanding of what ix computer can do and 
what it cannot do. A statement of this kind is, of course, a value judgment 
and if there are dlfi'orences of opinion about such a statement, there are no 
rational way;.; of adjudicating these differences. 

However, there are not too many objectives in this clacs — most are In 
one or the other of the following two classes. The se^'ond class consists of 
statements of tho form: this topic belongs in the curriculum because, when 
mastered, it permits students to solve that particular class of problems. 
For example, many topics ir arittetic ar*? in the curriculum- because we feel 
that practically every adult will often have to use these topics in solving 
everyday problems . 

A third class of objectives are of the l*o nn: 'i-his topic should be in 
ttie curriculum because it is a prerequisite for another "copic. An example 
would b*: the statrr.- ut: that the concept of a derivative .is a prerequisite for 
the concept of marginal cost. 

Most objectives for mathematics education belong to tiie second or the 
third class. Now it is, important to note that an objective in either of 
tiioce two classes can be tested empirically. If it is claimed that a particu- 
lar arithmetic topic should be in the curriculum because it provides an essen- 
tial tool for solving a certain class of problems, then by testing suitable 
children in suitable numlers, voth on the arithmetic topic and on the problem, 
the actual relationship can bo ascertained. Similarly, teaching "marginal 
cost" to students, some of wliom understand the notion of a derivative and 
others not, will tell us iV the derivative is indeed a prerequisite for the 
understanding of marginal cost. 

During our curriculam development work over the past decade ve have 
built many things into the cjrricul'LL':i because ve felt intuitively that they 
were useful, without checking in advance to r;oe v}:eti;or ib.ese olJ*^ctives could 
be empirically substantiated. ^ „ 
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Let me cite tyo exampleQ : one rather global and one much more narrow, 
It oeems to have been an article of faith for SMSO, from ita very beginning, 
that streoBing understanding of mathematical ideas over rote learning of mathe- 
matical techniques led to easier learning, greater retention, and greater 
facility in problem solving. A decade ago there was only a modicum of evidence 
in favor of this point of view, and many of us were unaware of even that. 

' Today there is a considerable body of evidence, some of it resulting from 
the S>BG longitudinal study, but much from other smaller studies, indicating 
that our faith was well placed, with respect to this particular acpect of the 
curriculum. 

But now let us look at a much smaller piece of the curriculum* We felt 
that elementary school students should understand why the standard algorithm 
for long multiplication works before they were drilled on the use of this 
algorithm. Since the algorithm depends very much on our decimal place value 
system, we felt that better understanding would be reached if they saw an 
example of a different numeration system. Base k (k / 10) was the standard 
suggestion-, and was implemented not only in the SMSG program but in many of 
the others developed during the 60*s. 

Here the empirical evidence indicates that our intuition was not very 
good. It now seems quite clear that the study of non -decimal numeration sys- 
tems does not contribute nearly as much to the understanding of arithmetic 
algorithms as we had originally hoped. 

Another set of potentially fruitful research projects is suggested by 
the fact that there are various ways of providing the first introduction to 
a new mathematical concept, just as there are various forms of many mathemati- 
cal algorithms . 

Most of us have very strong feelings on these. Most of us, I imagine, 
would feel that physical manipulation of concrete objects would be a most 
effective way of introducing mathematical concepts to elementary school 
children. There is, however, at least one study which indicates that passive 
observation ,of the teacher's manipulation of objects is equally effective. 

A much more ir.portant, but also much more difficult, area for research 
is aimed at the development of a theory of the learning of mathematics. Our 
colleagues in psychology have nothing to offer us. Mathematics educators have 
put forth a few suggestions, but these have been based on very scanty evi- 
dence and possess very little empirical Justification. Until we possess a 
theory of mathematics learning that has some validity, it is difficult to 
ascertain in which direction we should be aiming our research efforts. 

32 



37 



In much of the rooearch which hnn hoen done to dnte the eft'octi oT two 
different teaching proceduroo are compared t AUnopt invnrlaVvTy, theoe proct*?- 
dureo differ on q number of vfiriablee. Consequently, if the two procedureo 
have different effects, it is not por Me in general to separate out thoae 
variables which were responsible. For this reason, we are working at ^MSQ 
Headquarters to prepare some teaching unite which are so clearly structured 
that it will be possible to manipulate one variable at a time. Witli tlieoe an 
tools, it should be possible to get a much better understanding of tlie vari- 
ables that are important for the learning of mathematics. 

A still more important, and still more difficult, area for research is 
that of problem solving. We know even less about problem solving than we do 
about mathematics learning; and I; myself, would not know where to start, in 
any research effort in this area. 

Finally, let me say a few words about evaluation of mathematics pi'ogramQ 
and the uses to which it can be put in the decade we have Just entered. 
Evaluation, of coarse, ties in closely with research in education because 
they both use the same measuring instruments, najnely, testa. On this we are 
much better off than we were a decade ago. We have available a much larger 
array of tests, and we know what each one is good for. Consequently, we are 
now equipped to undertake much more searching evaluations of mathematics pro- 
grams than we were in the past; and whether we like it or not, evaluation is 
becoming a very important part of our educational scene. 

One example of this is the National Assessment of Education, A booklet 
has been prepared describing the procedures followed in constructing the test 
items for the assessment of mathematical knowledge. The mathematical community 
had very little say in the construction of these tests. Plowever, they happen 
to be fairly good, which is fortunate, because some important educational 
decisions may be made for us as a result of this assessment. 

Another practice which involves evaluation is not yet very widespread, 
but it is under consideration in many school districts, Tliis is the prac- 
tice of contracting with private industry to teach certain subjects to certain 
of the students in the diotrict. Often the payments are based on student 
achievement as measured by certain specitled standard tests. An instance 
which has received considerable publicity recently is that of the Texarkana 
school system which contracted with a private agency to have the agency teach 
reading to certain students in the Texarkana School District, Unfortunately 
it was recently discovered that some of the teachers working for the agency 
were teaching the tests to the students. This is an example of one of the 
problems of evaluation. 
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Toxfirkiuvi III orily otin of many I'niV, o'uioa. A;; t'-u' fin T v.ww i'ln>l (Mit , 
MI.Mn attontlon h'ui born piuil Vliono tMuit»n to M,p quafty oT tln> nvMluatlon 
! ruitnuncnli) , jukI uio-iV. oT ilioin iirx^m •o tiif Id lo )Kn, v^M'y .lm!i(:^l imtl vp , wtiuld 
I'O .loing r\ grnnt, norvlop ! I' vtp oouhi rcluof.lo iietiool l ounU; to thn I'juM, lluit, 
jrioro iHDwoi'i*ul ;uul morn urpl\i! huvo 1 or»n dovo ! opod rocoiit.ly, 

Anotiior notion U'uj boon put t'oivml rocrntly which u!;io invoJvon ovnlnu- 
t!on. Thin In Iho notion of :u;counl.iMI ! ty . Cclioolu, >m\ ovon I nd! v! 'Uui 1 
tOHcliora, nro loIng hold nccouritnMo foi' t!:(> proyrom; oi' th^ir fitudont.o. An 
.lntoi'c::t! nK oxGunplo Ij h rocont net! on ly tlio DlntrLct of Colimil la Tiehool 
Boanl. A roconiiJiondntI on wio miulo UwA. yi^ur to tl.nt Bo'ml th-it tut;: ynr\r 
( 1970-Yl) bo vory henvl ly dovotod to LncmaulnK t!iO fo iling hI I ) I ty qV tho 
otudontn. Alont: vri*:h thlc rocoimriomi^U: i on wan '.\not.hor ono tlm offont thnt 
toachors in tho District ov ColmiiMa r.choo! tsyutom Vo paid on tho baaJn oT 
tb.o gjiins in roudint; ncoros mado by tiicl r ^itudonts. T\iic would, of cournc, 
moan that thot'o would no Longer I n a unifonn nalary noi.odulo. 

Tho toachovt:, oC couryc, woro motrt unhappy vi tn bolnt? ^^^'l.d Mooountnblo 
in t'Jt; rnshlon, but the School Board tiovortr.o 1 o.n.n accontod t:;n i-oconimondu- 
tion. Wliother thin irj Ju.rst an Leo la tod cnco, or whothor M Iv tho bog inning 
o f a t ronii t o wa itl a c c oun t a bill t y , 1 1. in t 0 0 ar I y to toll. If tho 1 a 1 1 0 r , 
howovor, thnn ovuluatlon vill pluy n ctlll larger rolo !n tho npar l\ituro. 

'['0 sununarir^e very briefly, there is more than enough research on matlie- 
rr.atics education that ought to be carried out during the 'O's than our re- 
sources and available manpower will be able to handle, rt seems likely that 
eviluation vill play a more prominent role during the 'O's than it has in tho 
past. We will need to not only continue tho production of more refined measur- 
ing instruments, bub also to educate school administratorr., scliool boards, and 
concerned parents to the existence of more useful tests :ind more penetrating 
evaluation procedures. 
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John M* Mnyn 
Ol't'lcr ot'Jicloncn 'I'ochnoloK.v 
Kxociitico Ot'l'lco or t-ho ProtiUlout, 

I olu\ll flt'u't. wltjj tlin Proii 1 .^on^; Ml March j Mofijuigo on Tvliicntlon which In 
olgn! t'[ c'lnMy ontit, Inl Mono'it'.n on Filuc'\tlon I^ri'onii imd who;'o opening nontonceu 
are : 

"A/uoricm otlucaMon U; In urgont nood ol' roTonn. 

"A nfitlon Juntly proud ol* the ilrtll ented olTortf; oV I In mllllonn 
or te'iehoro ami nJucritoru muat Join thorn in a oenrefilng ro-exoml nali on 
of 0U2* entire 'ippj-oach to Inarnlnt?;/' 

A lif.tlo latoi", porlmpu antl cI p:it I t\\iv, confermco, lio t^ocn on to any: 

"... tho decnde of thn 1970r. cal.lr for thoughtlXil red! roctl on to 
• Improve, our ability to mnko up for onvl i-onmentnl. ilof I cl oncicc ^uiiong 
the poor; for long-rango pi*ovlfilons for flnancl^il nupport of ocfioolc: 
for inoi*t> el'flciont: uop of the dollarti cpont on ediicitlon: for ntruc- 
tural rofonnn to accoimiiodato nnw dJncovorloG: and for thp onhnnccmont 
of learning Vcfore and V-eyond tho ccliool." 

and then mokoc^ omon!? othorj, the foll.ovInE pi-opooal: 

"... I pvopo::P that tho Congrccn creato a National Inctltutc cf 
Education an a focuc for cducat^:nnal rono'ircii and cxpei'lmentatJ on in 
the United States. Wlien f^iily de%*elopcd, the Inctitute would le an 
Important element in the natlon'G educational :iy£3tc:n, overceelng tfie 
runr.ual expenditure of as much nc a quarter of a liMion dollars." 

Having octabliched the tone of the prci-ent Ad.r.i ni r.trati on'c concern for 
educational reforrri I chould iik*^ * iijcucG for a wiLile pertinent progrann of 
the national Science li'oundation, --'.e Office of E<Mcat:on, and th.c Office of 
Economic Opportunity. I sh<i!.l t::'-n return to a more detailed KocUGolon of 
Tn'^ National Innt: tute of Education. 
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National Science Found at ion 



The National Science Foundation has, of course, been the major Federal 
source of support of new approaches to school mathematics. Major projects 
and the amount of support they have received through FT 1970 are: 

School Mathematics Study Group (SMSG),... ^lU.2 million 

E. G. Begle, Stanford Univ., Director 
Complete curricula for gre.les K-I2 with 
alternative courses: teacher training 
materials; longitudinal study of mathe- 
matics achievement. 

Minnesota School Mathematics and Science 5.O 
Teachinr Project (MINKEMAST) 
James H. ><>mtz, Jr., Director 
This project has produced close to 30 
coordinated inath-science units for 
grades 1-3. 

lAiiversity of Illinois Committee on School U.U 
Mathematics (UICSM) 
Melx Beberman, Director 

Emphasis in recent years has been on the 
underachiever and in the last year or 
two has been exploring the British 
integrated day approach to mathematics 
and science in elementary school. 

Computer-Based Mathematics Education Project 2.U 
Patrick Suppes, Stanford Univ., Director 
Included are drill and practice for grades 
1-6 and a "tutorial" curriculum in logic 
and algebra for bright students in grades 
U-8. 

University of Illinois Arithmetic Project I.5 
David A. Page, Education Development 
Center, Director 

Films and written materials for elementary 
school teachers. 



Madison Mathematics Project 1.0 
Robert B. Davis, Webster College 
and Syracuse Univ., Director 
Davis has a particular interest in 
influencing what goes on in the classroom. 
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other interesting projects now in progress include: 

Developnent, under the direction of Howard Fehr at Columbia Teachers 
College, of a grade 7-12 curriculum I'or the college-tound which eliminates 
the traditional separation into arithmetic, algebra, geometry, and 
analysis, organizing instead about the concepts of set, relation, mapping, 
and operation and structures - group ring, field, and vector space. This 
project was supported in its earlier stages "by the Office of Education. 

Developnent, under the direction of Earle Lemon at Education Development 
Center, of "problem" pamphlets which involve the student in learning 
both mathematics and science in a somewhat self-directed fashion. 
Accompanying will "be a comprehensive teachers manual - a compendium of 
informe^-lon, source materials, techniques, and data designed to help the 
teacher handle this more difficult open-endeci tj/pe of activity. This 
project grew out of the Cambridge Conference on the Correlation of 
Science and Mather.atics in the Schools held in August 1967. 

Development of instructional models, under the direction of Glenadine 
Gibb at the Southwest Educational Development Laboratory in Austin, 
designed to improve teaching of mathematics to minority groups including 
Mexican and Afro -Araeri cans . 

The themes discernible here are, in addition to continuing concern with mathe- 
matics for tho college-bound: 

mathematics for the disadvantaged or minority student 

integration of mathenatics and science, often in an open-ended style 

encouraging student pursuit of special interests 

use of computers in education. 

Support of course content improvement in mathematics in Vi 69 and 70 has 
been in the neighborhood of ^1.5 million a year and is expected to be about 
the same in the present FY" 71. Levels for future years are unpredictable but 
riSF remains oy.en to proposals for imaginative projects in school mathematics. 
Areas of particular emphasis at this time are integration of mathematics and 
science and research into the learning process as it relates to mathematics. 

KSF support for teacher training in mathematics amounted to roughly ^15 
million in FY l^lO ■ in the following categories: 

Summer Institutes $8.3 million 

Academic Year Institutes 3-7 
In-Service Institutes 1.9 

Cooperative College-School Prog. 1.3 
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A ceprirate program aimed at developing model preservice training programs at 
individual institutions was started last yjar and has ^2 million available 
this year. Mathematics is involved in about half of the projects. 

Office of Education 

The U.S. Office o:' Education (UBOE) supports efforts directed at improve- 
ment of school mathematics through severa.l. programs. Those supported under 
the program of Regional Educational Laboratories and Research and Development 
Centers are perhaps particularly germane to the subject of this conference. 

Probably the best known of these is the Individually Prescribed Instruc- 
tion project developed at the Learning Research and' Development Center at the 
University of Pittsburgh and taken up for field testing by Research for Better 
Schools, the Regional Laboratory in Philadelphia. The project has produced a 
complete mathematics curriculum for grades K-6 designed to allow students to 
proceed at their own pace. Detailed specifications for what is to be learned 
were prepared in the form of so-called behavior objectives and ins true ticuaL 
materials including texts, fxLmstrips, records, audiotapes and n.anipulative 
devices were prepared to achieve these objectives. Through placement tests 
and pre- and post-tests associated with each unit teachers prescribe next 
steps in the instruction. Through FY 70 the Pittsburgh Center has spent 
il,h million in the development of this mathematics program and the Philadel- 
phia Laboratory has spent $2.35 million in the field testing and disseminating 
of the program. 

Whereas the creators of IFX have not been concerned with innovation in 
curriculum content, the Central Midwest Regional Educational Laboratory in" 
St. Louis is engaged in development of an individualized K-12 curriculum in 
the spirit of the Cambridge Conference. While the management scheme resembles 
that of IFI, the approach is not on the behavioral objectives model. A 
number of university mathematicians are associated with the project. As with 
IPI, the materials have been found to work well with classes of inner city 
children. Support has totaled $2.5 million through FY 1970. 

The Southwest Educational Development Laboratory in Austin has been 
working on improving mathematics instruction for black, Mexican-American , and 
migrant students. At this time they are working on a modification of IPI 
style which will make use of contemporary content and give greater emphasis 
to development of concepts through activities similar to those being developed 
at the Central Midwest Laboratory (CEMREL). Tliey are also exploring the use- 
fulness of a bilingual approach to mathematics for Spanish speaking students. 

Funds expended to date (including I^3F contributions) total $700,000. 

J'6 
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The Wisconsin ^R^ and D Center for Cognitive Learning has completed develop- 
ment, at a cost of roughly"'" $800,000, of Patterns in Arithmetic , a course in 
mathematics for grades 1-6 involving 33^^ 1? minute videotapes and associated 
student workbooks and teacher's manuals. It is now working on a K-6 sequence 
providing for small group work in arithmetic, geometry, algebra, and prob- 
ability and statistics, with pro^-ision for students who learn well from the 
printed work after beginning with concrete manipulative materials and those 
who proTit by continuing in the concrete style. Expenditures to date for this 
and some exploratory work in computer management of instruction are $530^000. 

In addition to these and some other smaller prelects relating to mathe- 
matics in the Regional Lato:':^tories and R and D Centers, roughly 1^200,000 a 
year has teen devoted to individual projects in mathematics. As will "be seen 
later, present plans are that the research activities of the Office of Educa- 
tion will be transferred to the National Institute of Education. 

The OE Bureau of Education Professions Development deals with matiiematics 
education as part of its focus on areas such as education of the disadvantaged. 
Roughly $800,000 was devoted to mathematics in FY TO. 

Early Chi Idhood Education 

Though this conference is explicitly concerned vrith school mathematics, 
it may wish to give some consideration to early childhood education. Experi- 
mental programs in this area, vrhich often spill over into tiie school years, 
■"1-ncinde in the Office of Education the National Laboratory on Early Childhood 
Education, with six university centers and Head Start Follow Ttirough which is 
systematically studying a number of approaches to early education fov dis- 
advantaged children. Elsewhere in HEW the new Office of Child Development, 
headed by Dr. Edward Zigler on leave from Yale w:,ere he is professor of psy- 
chology, manages the Head Start program which includes an experimental com- 
ponent and has a modest research program which is expected to grow. 

Office of Economic Opportunity 

T^ie Office of Economic Opportunity, in a search for better means of 
helping creak the cycle of poverty through education, have enxarked on two 
experimental programs - one in so-cailed performance contracting; the other 
in use of education vouchers. 

T^ie performance contracting experiment vrill focus on educational results 
rather than the means for achieving them. Ttie experiment will attempt to 
determine whetner it is possible, in the woi*ds of OEO, to: 
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hold accountable those providing the instruction--individual 
teachers, a teachers* union, or private firms- -for the success 
of their students in such basic areas af* reading and mathematics. 

guarantee poor children the same results from classroom effort 
that now is achieved by students from nonpoor homes; i.e., equality 
of results. 

Contracts have been let to l8 school districts, which in turn have 
subcontracted with six private firms to provide instruction in their schools. 
In these cases, the private firms are not being reimbursed, even for costs, 
if the students they instruct do not improve by at least one grade level in 
reading and mathematics. The firms will not begin to make a profit until 
their students improve by 1.6 grade levels --three to four times the improve- 
ment now achieved in the average classroom of poor children. Students were 
carefully selected. to avoid "creaming;" the vast majority are at least two 
grade levels below norm. ■ 

The second experiment is in an earlier stage of development as is indi- 
cated by the title of an OEO- pamphlet dated this month: A Proposed Experi - 
ment in Education Vouchers . Following are quotations from that pamphelt: 

"For many years it has been argued that the quality and relevance of 
education would "be improved if parents and students were given greater choice 
in the selection of the type of education they received. It is argued that 
the necessity of providing ccmnon education in neighborhood schools, combined 
with the monolithic decisionmaking structure inherent in any large school 
system, often results in education that cannot re responsive to the needs of 
many citizens of diverse backgrounds and interests. One means of developing 
a more responsive educational system is a vouchers plan, which gives the 
consumer (the parent) control over the education marketplace. 

"Several types of vouchers systems are being considered; for example, 
vouchers could be provided to particular segments of the community, such as 
the poor, or vouchers could be provided for limited services, such as com- 
pensatory or special education. The most fully developed concept, would 
provide vouchers to the entire community for all education services. While 
the Office of Economic Opportunity is not an advocate for adoption of any 
type of vouchers system, it does believe the concept merits consideration. 

"Such a program envisions providing funds equivalent to the current 
expenditures in the public school system to each child to be expended in a 
school of his choice. Such a plan, of course, requires many safeguards and 
regulations. It is quite probable that an uiirtjulated system would worsen 
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the quality of education available to the vast majority of our citizens. Much 
of the analysis and planning to date has been devoted to considering regula- 
tions that shall be applied, 

"Proponents of the vouchers system believe that these benefits can be 
expected from its implementation: 

(1) Individuals would have a greater freedom within the public education 
system because they would not be required to accept standardized programs 
offered in assigned public schools. Middle income and poor parents will have 
the same freedom to choose schools that wealthy parents can exercise by moving 
to an area where the public schools appeal to them or by enrolling their 
children in private schools. 

(2) Parents would be able to assume a more significant role in shaping 
their child's education, thus renewing the family's role in education and 
resulting in the concomitant desirable impact upon attitudes of both the 
parent and child. 

(3) A range of choices in schools would become available. Small new 
schools of all types will come into operation- -Montessorri , Summerhill, open 
classroom, and traditional style schools. 

(k) School Etdministrators and teachers could arrange their curriculum 
to appeal to a particular group or to reflect a particular school of thought 
on educational methods. Schools could emphasize music, arts, science, dis- 
cipline, or basic skills. Parents not pleased with the emphasis of one 
school could choose another. Thus, public school administrators and teachers 
would be freed from the necessity of trying to please everyone in their 
attendance area, a practice that often results in a policy that really pleases 
no one. 

(5) Resources could be more accurately channeled directly to the tar- 
get group, the poor,- since funds will follow the child holding the voucher." 

National Institute of Education 

Returning now to the National Institute of Education, I will first quote 
again from the President's message on Education Reform: 

"As the first step toward reform, we need a coherent approach to re- 
search and experimentation. local schools need an objective national body 
to evaluate new departures in teaching that are being conducted here and 
abroad and a means of disseminating information about projects that show 
promise. 

Ul 
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"The National Institute of Education would. be located in the Department 
of Health, Education, and Welfare under the Assistant Secretary for Education, 
with a permanent staff of outstanding scholars from such disciplines as psy- 
chology, biology and the social sciences, as well as education. 

"While it would conduct basic and applied educational research itself, 
the National Institute of Education would conduct a major portion of its 
research by contract with universities, non-profit institutions and other 
organizations. Ultimately, related research activities of- the Office of Edu- 
cation would be transferred to the Institute. 

"It would have a National Advisory Council of distinguished scientists, 
educators and laymen to ensure that educational research in the institute 
achieves a high level of sophistication, rigor and efficiency. 

"it would develop criteria and measures for enabling localities to 
assess educational achievement and for evaluating particular educational 
programs, and would provide technical assistance to State and local agencies 
seeking to evaluate their own programs. 

"It would also link the educational research and experimentation of other 
Federal 'agencies - the Office of Economic Opportunity, the Department of Labor, 
the Department of Defense, the National Science Foundation and others - to 
the attainment of particular national educational goals." 

He then goes on to mention a "few of the areas the National Institute 
of Education might explore". 

" Compensatory Education . Tlie most glaring shortcoming in American 
education today continues to be the lag in essential learning 
skills in large numbers of children of poor families... 

The first order of business of the National Institute of Education 
would be to determine what is needed - inside and outside of school - 
to make our compensatory education effort successful." 

Reading - development of new curricula, wider and better applica- 
tion of what we know and additional research. 

• Te levlsion and other technology - to stimulate the 'desire to learn 
and to help in teaching. 

E:<perimental schools trying out new ways of organizing education. 

Hew measures of educational achievement - to achieve "fundamental" 
reform it will be necessary to develop hroader and more sensitive 
measurements of learning than we now have. 
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The National Institute of Education would take the lead in 
developing these new measurements of educational output. In 
doing so it should pay as much heed to what are called the 
"immeasurables'I of schooling (largely because no one has yet 
learned to measure them) such as responsitility, vrit and humanity 
as it does to verbal and mathematical achievement." 

It is expected' that Congressional hearings on the bills* providing for 
establishment of the Institute will begin when Congress reconvenes. During 
the last few months there has been in progress a planning effort, under the 
direction of Dr. Roger Levi en of the RAKD Corp, exploring in more detail 
questions relating to the objectives, program, and organization of the NIE. 
A number of working meetings have been held involving persons from education, 
the natural and social sciences including mathematics, and the arts and humani- 
ties. 

In these meetings there has been rather general agreement on several 
ideas ; 

1. The basic objective should be improving the education of Americans 
through R and D - with all the implications this has for delivery 
as well as discovery. 

2. The need for concentrating considerable resources at any .time on a 
relatively small number of important and promising problems or 
opportunities. Some have emphasized protlems close to the firing 
line such as improving education of the disadvantaged, increasing 
the effectiveness of use of educational resources, and improving the 
quality of education in specific ways. Others have emphasized more 
basic problems such as language acquisition, social interactions and 
learning, and the biology of learning. Most have agreed that both 
sorts of work should be supported. 

3» The need for a broad range of activities from individual basic 
research projects through major field-sited model development and 
special concern for making it easy to adopt developmental products. 

^. The inadequacy of present models for educational R and D and of 
present means of bringing together the wide range of talents - school 
people, social and natural scientists including educational research- 
ers, engineers, artists, humanists, and persons from other professions 
that can contribute to the planning and execution of educational R 
and D. 
^S. 3531 H. R. 16262 
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5, The importance of special attention to educational measurement, qs 
called for in the President's message. 

6* The advisability of concentrating first on the extramural program, 
with a slower buildup of the intramural program, Initial efforts 
for the intramural program might be concentrated on: 

(a) clarifying and defining the problems and opportunities in 
educational R and D in continuing collaboration with first 
rate people throughout the country, 

(b) evaluation and measurement including both development of new 
measures and actual evaluation of results of large scale Federal 
education programs. 

A possible organization of the extramural progreun management staff would 
be on a matrix model. One assistant, director would have responsibility and 
funds for attacks on problems such as education of the disadvantaged while 
another would be responsible for support of more discipline-oriented or basic 
projects. Individual THE extradural staff members would work in both areas, 
thus fostering interconnections between more basic work and attacks on pressing 
educational problems. A third assistant director might head an analysis and 
planning unit, with a considerable rotating complement of first rate people, 
which would help in the definition of problems and planning of attacks on them 
involving the whole range of disciplines. 

The Experimental Schools Program, which will be an important element in 
the NIE has already been authorized by Congress. A Federal program of experi- 
mental schools has been proposed by several Presidential advisory groups in 
the last decade and is only coming into being now at a time when a remarkable 
number of school districts are responding to dissatisfaction \d.th conventional 
schooling and tr^-ing out new forms of education, almost always with inadeguate 
funds for development and evaluation. The basic purpose of the program is to 
go well beyond experimentation with this or that aspect of conventional 
schools into experimentation with fundamentally new ways of organizing educa- 
tion along lines that informed intuition and earlier small scale trial suggest 
are likely to be fruitful. The resources in each case would be large enough 
so thstt the idea can 'be properly tested and shown conclusively to work or not 
under carefully specified conditions, and if successful to be put in shape for 
wider adoption » The hope is thereby to get off the treadmill that has affected 
fundamental experimentation with educational organizat:!on in the past. 
Nxmierous experiments in school organization have been tried in American 
communities J but little cumulative advance has been achieved because no one 
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knows for sure what happened. The experimental schools would not be like some 
laboratory schools where, typically, classes of children from the university 
community are available for small scale experiments. Rather, the student body 
would have a composition like that of an ordinary school, appropriate to the 
community in which it was imbedded, and indeed would normally be a part of the 
local school system. The experiment would be a whole-school (or whole-school- 
system) experiment, though there might be some exploration of alternative ver- 
sions of the basic scheme from class to class* The possibility that the schane 
being tested might require considerable modification or that it might prove 
unworkable would be understood from the start. Though the Hawthorne effect 
should insure that students would not suffer relative to students in ordinary 
schools, adequate precautions would be taken in any case. Schools that pro- 
duced obvious and significant improvement over ordinary schools would be 
studied further to determine, as far as possible, the conditions that were 
critical to the improvement, so that we would both have firm data on what can 
be accomplished by specified means and also be able to make the model available, 
stripped to essentials, to other school systems with assurance that it will 
work. It is envisioned that the work carried out by a mixed group including 
school people, educational researchers, social and behavioral scientists, and 
persons from science, the arts, and the humanities with advice from parents, 
business and industry - not to mention the students themselves. I have 
already mentioned three experiments along these lines being supported under 
other Federal programs - performance contracting and the voucher system under 
the Office of Economic Opportunity and Individually Prescribed Instruction at 
the Pittsburgh Learning R and D Center and tne regional Laboratory in 
Philadelphia supported by the Office of Education- Candidates for development 
and study in the new program might include: 

The British infant school model characterized by a rich variety of 
equipment, specimens, books and other objects in the classroom and 
considerable freedom for* the student to determine not only his 
schedule but to some extent the nature of his studies- As I hardly 
need tell you tills model is attracting great interest in this 
coun try . 

A school of the sort? proposed by Ralph Tyler* making much greater 
use of "work and other areas of life as a laboratory in which youths 



R. W. Tyler in Agenda for the Nation , Kermit Gordon, editor, Tlie 
Brookings Institution, Washington, I968, pp. 207-236. 

^5 . ■ ■ 



50 



find real problems and difficulties that require learning and in 
which they can use and sharpen what they are learning". 

A school where parents or students or memlDers of the community or all 
of them actively participate in planning the school and in all its 
activities . 

A school putting prime emphasis on linguistic development in the 
early grades . 

A school comhining features of the British infant school and the 
highly structured individually prescribed instruction* 

At this point I should like to make some comments and raise some questions 
about school mathematics as it relates to the Federal programs I have described. 
I am pleased that almost every point I wish to make has already been touched on 
by the previous speakers, first because I feel the appropriate role for Federal 
officials in educational R and D is principally to see that the important 
questions are being addressed rather than to give answers to those questions 
and second because I believe the existence of rather general agreement on what 
needs to be done means that things are likely to move. I shall give my comments 
in the form of questions- 

1. Are existing mathematics curricula well designed to" meet the range 
of likely mathematical needs of adults with various occupations and 
interests and do they take account of what is known about the residue, 
in adultis, of earlier study of mathematics? 

It has been my experience that mathematics curriculum development 
projects involving' mathematics come rather rapidly to agreement on 
the s^r^sral goals of school mathematics and that the basic theme, 
implicitly or explicitly, is likely to be, as Gail Young has pointed 
out, preparation for calculus. What I am siiggesting is that it would 
be useful if mathematicians and mathematics educators gave more care- 
ful attention to an analysis of the mathematical needs of various 
classes of persons in the light of information on what is retained 
by adults. I am not suggesting some simplistic basing of curricula 
designed to prepare for the future on minimal needs as measured now 
but rather the desirability of having as background knowledge for 
such develojanent a much better idea of what these needs are and the- 
extent to which mathematics once studied is actually retained and used 
where it would be useful, I would like to see mathematicians apply- 
ing to their consideration of the proper goals of school mathematics 
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standards of rigor and evidence closer to those they would apply in 
their regular professional work. As we move toward greater oppor- 
tunity for diversity and more control by the individual student and 
his parents over his educational program, there is going to be greater 
need and demand for more precise answers than we are able to give now 
to questions of what is essential for various objectives the individual 
may have, and what is necessary in order to preserve various options, 
and what can be left to personal taste. It would be nice to be able 
to give better answers to these questions than general statements 
about the obvious need for mathematics in our technological society 
and the beauty of the great edifice of the calculus. 
To what extent can the effectiveness of mathematics curricula be 
improveu by greater attention to individual differences in students? 

I would have to say that I believe SMSG has given little attention 
to this problem beyond the provision of some alternative texts for 
"slow learners". In contrast, the Individually Prescribed Instruc- 
tion project and others aiming at mastery by all students of a set 
of "behavioral objectives" have generally derived their objectives 
from very conventional mathematics curricula. Surely there is a need 
for more of the synthesis of these concerns as, for example, in the 
project, described earlier, at the Regional Laboratory in St. Louis. 

Are paper, pencil, and blackboard methods of teaching mathematics 
ultimately as effective in leading students to use mathematics as 
are other methods such as those involving projects requiring the use 
of mathematics? 

Presumably a m.ajor objective of school mathematics is to lead stu- 
dents to use mathematics in their everyday lives and their work* 
Yet everyone has observed that students often fail to make the 
connection between the mathematics they have learned in the classroom 
and situations where that mathematics would be useful to them. Almost 
all mathematics achievement tests measure the ability of the student 
to perform some mathematics under circumstances where it is made 
clear to him that mathem.atics is what is called for. The achievement 
thus measured is, of course, a valuable preparation for future 
mathematics courses and ultimately for careers explicitly- requiring 
mathematics. For many students, perhaps for most, however, one has 
an uneasy feeling that 9-12 years may have been spent in teaching 
mathematics much of which will never be used even in situations where 
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it would he very useful, This suggests the need for both new ways 
of teaching mathematics so that it will become a part of the student's 
way of thinking and also ways of measuring whether this aim has been 
accomplished. Many people, I among them, believe that instruction 
that includes projects in which mathenatics must be used is more ' 
likely to produce users of mathematics than is paper and pencil 
instruction alone, More experimentation along this line seems very 
worthwhile. Rather than demanding that this produce greater achieve- 
ment on standard tests, I would be willing to settle for equal or 
even somewhat poorer performance there, if it could "be demonstrated 
that the aim of producing better users had been achieved. 

To what extent can mathematical ideas and activities be used tCl' ' 
engage the interest of inner city children? 

I have in mind here not only finding ways of teaching mathematics to 
disadvantaged children but also of using mathematical aciti^/ites, 
perhaps for example, in the form of games, as a way of interesting 
such children in school and in learning. There are many reports by 
individual teachers of success in engaging students deeply in mathe- 
matical activities, and several projects are providing a variety of 
manipulative materials, but it might be worth concentrating some 
resources on systematic search for mathematically significant activi- 
ties that are particularly attractive to children who are not normally 
enthusiastic students. 

Can instructional material in mathematics be designed to contribute 
significantly to improving skill in reading? 

This question is prompted by the tendency of many projects aimed at 
improving reading to treat reading as a mechanical skill unrelated • 
to the content of what is to be read or to the uses to which what 
is being read might be put. This approach passes up a source of 
motivation for reading and opportunities for sharpening skill in 
reading. An obvious ranedy is to integrate instruction in reading 
with instruction in other areas. In mathanatics this might take such 
forms as making reading a part of some pleasurable mathematical game 
or systematic development of precision in reading and verbal expres- 
sion through relating written descriptions to numerical and geometri- 
cal situations and concepts. 
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I would like now to summarize very briefly what I see as the main outlines 
of Federal programs as they relate to school mathematics. 

First, the likely creation of a National Institute of Education with 
a broad charter for research, developnen*:, and dissemination of 
results in education, drawing very broadly from the various intellec- 
tual communities and seeking to create new syntheses of their contri- 
butions. The Institute would be concerned both with education out- 
side regular schools and with exploration of fundamentally new ways 
of organizing schools and other educational institutions. Though it 
would ultimately take over much of the present responsibility of the 
present OE National Center for Educational R and D it would not 
be developed as an expanded version of that organization. 

Second, continuing support of educational innovation in the sciences 
and mathematics by the National Science Foundation, with increased 
interest in associated research on learning. 

Third, support by the Office of Economic Opportunity of experimenta- 
tion with new ways of arranging the relationship between producers 
and consumers of educational services, with mathematics education an 
important element. 

Finally, increasing interest in and support of early childhood 
education by the Office of Child DeveLopnent and the National 
Institute of Education. 
There is clearly an important role to be played by mathematicians and 
mathematics educators in all these programs. I hope they will increase their 
involvement and will come into these enterprises with an open mind and will- 
ingness to explore new ways of combining their talents vith those of persons 
from other disciplines for the good not only of mathematics education but of 
American education generally. 
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^ GOALS AND OBJECTIVES 
Karl Kulman 

I have attached some enclosures from the discussions at the Conference, 
enclosures A through E, and I have underlined signitUcant passages. 

Selected, from ^lese and from the discussions of the Ad Hoc Committee are 
the following: 

1. Goals and objectives ought to be more than behavioral objectives* 
which are concerned ^dth "measurable objectives.'* Goals such Pis problem 
solving, appreciation of mathematics, and recognition of the significance of 
mathematics in society are important. Some objectives may not, at first, seem 
measurable but may turn, out to be measurable in time. 

2. Some textbooks for grades K to 8 are written in terms of behavioral 
objectives. 

3. Statement of goals and objectives ouight to be broad— general enough 
to be concerned with all pupils of our school society regardless of abilities, 
background, race, inner- city or not, etc.,- but specific enough to be useful. 
Also, it should be couched in language understood by lai-men. 

U. Tae scope of the objectives ought to be the 3 year old nursery 
through grade l^i and recognize the needs of col lege -bound, employment-bound, 
technical-oriented, the average "guy", the dropout. 

s. Someone suggested a "minimum" core. E.G. Begle reported that some 
such list will be written for the new junior high school program, 

6. It would be useful to include sample test items in a list of 
behavioral objectives. 

7. It is useless to set up goals without the support and assistance of 
Competent teachers at all levels, and representation from administration, 
principals, and communi ties— perhaps the students also, if only for political 
reasons. A contest might be designed in which students compete by submitting 
papers on 'Vhy mathematics?" for a spot on the panel, 

^During discussions at the conference, it becar?.e clear thst few of the^^ 
nathpmaticians present were familiar '^th the phrase behavioral objectives.' 
For an explanation of the way in which this phrase is currently used in dis- 
cussions of education-1 goal.-:, see the article' "Objectives and Instruction by 
W. James Popham in Instructional a.lectives , AERA. manograph ser.^es on Curricu- 
lum Evaluation, 19^9, Rand McNally and Co, 
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8. Some work has been done in this area and this should be looked at. 
Z71 has written "behavioral objectives and RBS is putting this on tape, 

9. Procedures and committees might "be set up to consider priorities and, 
perhaps, a rationale for the inclusion of each objective, 

10, It is not entirely clear, nor did the discussion indicate, who should 
do tills work* It appears, though, that a committee should be established under 
the aegis of a coordinating agency or commission to consider this activity and 
make steps to provide proper mechanisms, 

(A) 

The discussion centered on the explanation and implications of behavioral 
objectives. It was clear that many of the participants were not familiar with 
the terra "behavioral objectives," Some participants found the terra offensive. 
One participant felt that the areas discussed by the research and evaluation 
group were not areas that money should be spent in. Another participant 
attempted to define behavioral objectives as behaviors we can measure. He 
stated that behavioral objectives were an attempt to pin down the outcomes of 
instruction. Consequently, any desired goal of mathematics instruction that 
can be broken down in terras of specific behaviors, may be used as a behavioral 
objective. For example, if one can specify the behaviors involved in appre- 
ciating the beauties of mathematics, he can use this as a behavioral objective. 

It i^ very natural for natural scientists to find the term behaviorial 
objectives an offensive one. The term is often thought of as jargon that 
schools of education have invented. However, you find that they are talking 
about the behavior in the sense of the actual performance which you are 
requiring of the people in the classroom. You reflect upon your own perfor - 
mance in the classroom and you have ambitions of communicating a great deal 
beyond what you can actually measure , When an instructor gives a test he is 
doing nothing more than specifying behavioral objectives for his course. 
Unfortunately, most instructors probably never thought about this in the 
first place. In fact, they probably taught before deciding on the objectives. 
They should ask the question, "What do I want the students to learn?" before 
teaching, 



*IPI : Individually Prescribed Instruction. This refers to any program, 
of ^ich there are now several, in which each student proceeds at his own pace. 
One of the better known of these is being evaluated and implemented by Research 
for Better Schools (RBS), Philadelphia, of the Regional Education Laboratories 
funded by the U,S. Office of Education, 
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Many texts are written in such a way that the author merely stops writing 
when he tires of the subject. Authors should decide what information they wish 
to communicate before writing. So in reality, behavioral objectives are an 
outline of what you wish to convey to the student. They may include goals 
which we do not know how to measure* However, they include many objectives 
that can be measured and one assumes these measures are correlated with things 
we cEinnot measure. For example, we have no guarantee that a student who makes 
100 percent on a test understands the subject, but we have faith that the 
test reflects the student's understanding. 

It is rather surprising that the mathematical community has had no 
communication with the wide group of people who have been discussing behavioral 
objectives for years . Some publishers have written texts for grades K-8 in 
terms of behavioral objectives . The books are written so that adoption 
committees can look only at the behavioral objectives and decide whether the 
scope of the content of the text is acceptable. Actually, further study would 
be needed to see if the text books can support the claims for the objectives. 
Under these conditions it is very arrogant of us, and, in fact, a great mis- 
take for us not to look at behavioral objectives. Since students will be 
taught in terms of behavioral objectives, we should be involved in setting 
these objectives. Otherwise, non-mathematicians will be setting the goals for 
mathematics courses. The mathematical community should decide whether or not 
behavioral objectives are appropriate and, if they are, should be involved in 
setting these objectives. The mathematical community should try to extend 
behavioral objectives beyond computational skills. 

One can think of many misuses of behavioral objectives. However, the 
State of California has passed legislation that requires formulation of 
behavioral objectives. Schools will be judged according to the level to which 
their students display achievements at the end of instruction. We are con - 
cerned about the political side of this development . Also behavioral objec - 
tives present a massive assessment problem. However, the mathematical 
communi ty ignores ^these issues , they will not be involved in the crucial 
decisions that will determine mathemati cs courses in the future. 

(B) 

Let me begin with WHAT since this occupied a significant portion of our 
time and is probably the priority question, ^^at is_ it that we disseminate? 
The single suggestion that generated the most heat in our discussions was that 
a sort of "Bureau of Standards" be established for mathematics curricula. It 
VDUld be the function of such a body (which would be a collection of experts 
of some kind) to place a sort of "C3ood Housekeeping Seal of Approval" on 
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selected curricula. Those that receive the coal would merit diGnemination 
and implementation. This suggestion led alnio::t immodiatoly to a number of 
alternative proposals I 

First it was sugger,ted that pro fessional organisationn of :;ome kind 
establish a carefully prepared set of minimal objectives which could serve as 
a bench mark for the evaluation of currJ cula . Some people felt that n. mi nimal 
set of ob»1ectives vg^ not sufficient . Thie.V suggested each developer should, in 
addition to demonstrating that he meets the minimal objectives: , specify very 
clearly those objectives t!iat his program attempts to meet beyond the minimum, 
so that the consumer (the buyer of a curriculum) can make choices among 
curricula on what is included over and above the minimal objective::. It wan 
suggested that these statements of objectives should include more than content 
objectives; ti;ey should also include methodological objectives and objectives 
in other areas. Another suggestion along the same line was that the profes- 
sional organizations again establish a systematic review service that would 
focus on qualitative Judgments as well as on information. Tliere have been 
attempts, I understand, in the past by NCTM in the Mathematics Teacher and by 
other groups to provide such review services. It was felt that we need to 
enlarge upon these attempts. We need people who will stick thieir necks out 
and make evaluative Judgments about respective curricula and textbooks. Ti\e 
NCIM analysis of new prograins at one time did this in a more or less informa- 
tive way without passing very much of a value Judgment. Tiiey said "Tliese 
programs have scar.e strong points.*' Something a little more than this is needed. 
As an alternative to the "Ctood Housekeeping Seal of Approval," the suggestion 
is more in the nature of a consa'ner res e arc 1: service which would report to the 
consumer on what a program will do. 

Ttiere was concern that i f the mathematics education conimuni ty does not 
formulate objectives , there is a real danger that the consumer will use those 
of the National Assessment as guidelines for selecting ct-cricula . Several 
members of the group felt that these guidelines would not he sufficient. It 
was rvlso suggested that, at the very least, the target audience needs to he 
made aware oi'. tiie range of materials that are available and even an objective 
unevaluative listing of cuj'ricula 2*eso'irces would ce of val'.ie. v/e do have a 
beginning in thz-.t direction in t::e SRIC" center Vor mathema*:ics education which 
is Just getting cCC the gro-ond it is precisely viiis kind of -ervice that HIPJC 
intends to i\ilfill 'it some time. 

*r;HIC : Educational Research Information Center. This is an infonnation 
system sponso\*ed by the '/.S. Office of Hducatiz^n. 
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(C) Publish Objectives. 

Job for SMSCi. Put together n collection or "behavioral objecuivec" for 
math (elementary and secondary — V and JCV) and, parallel to tl^e.-^e, n set or 
thematic or mathematical objectives. The latter are harder to determine, but 
ought to be rational justification for the inclusion of certain matl.cmntical 
topics, stated in rorms vhich could be understood by an educated school adjnii\- 
istrator or curriculum supervisor. They should not be based solely upon 
utilitarianism. Several exninples: 

e.g., model and modelling 

examples: graphing as dexrice for diaplaying relationchips , flow diagram 

for displaidng relationchips, syntax analysis, etc., 
e.g., equivalence classes, relation 

instances: stereotypes, noims, simplification of a complex situation or 

structure^ 
e.g., concepts of proof 

(hard to do) disproof vs. not proved, proof by authority, etc., 
e.g.. probabilistic thinking 

or dealing with uncertainty (not techniques tut rather the concepts 

themselves ) . 

(D) 

Ihere was some concern , I guess , for who establishes or selects ob.lectiven , 
and who wou"* i make some decision as to priorities . But certainly the group in 
their discussion , considered broader objectives than the ski 11c and concepts 
that we usually think about . !_ think that i t was very evident that the proup 
was highly concerned about attitude . The idea that learning mathematics ohould 
be a joyful excellence, and as a result of this we could break down some of the 
hostilities. And I think that there was a common desire for greater interest 
to be shown in applications of mathematics and the relation of mathematics to 
other disciplines, perhaps, even the idea of interdisciplinary approaches. 

There was some discussion about the relation of setting goals and 
developing behaviora. .^rjectives or simply trying to state objectives 
behaviorally . It was pointed out that behaviorist have probably overstated 
and over-simplified the matter but that we shouldn't over-react to them but 
try to improve our ability to state objectives as clearly as possible. 
Developing process objectives is a difficult matter and too often they are 
at a low level, however , they do have value in judging the overaJ I quality 
of a teaching program, a curriculum or a test. 

tj5 
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The quefltlon was raised who should do this ^db. There are probably a 
number of objectives tacitly assumed within groups in the mathematics 
community, but no organization of this community exists to focus on these 
objectives . 



•I 



TEACHER EDUCATION 
Joseph Payne 



It was clear from all the discussion on teacher education that we should 
give serious study to the preparation of teachers for all levels in the decade 
of the 70»s. NSF Institutes were of great help In the 60's. Groups such as 
CUIW and AAAS, both active in the 60»s, continue to be active in the 70's. 
CUIW has revised recommendations aimed primarily at content preparation of 
mathematics teachers. The AAAS Commission on Science Education has at this 
time a Preliminary Report on "Guidelines for the Preparation of Secondary 
School Teachers of Science and Mathematics'^" In the science area, AAAS has 
developed guidelines, standards, and recommendations for research and develop- 
ment for "Preservice Science Education of Elementary School Teachers." 

Serious study on teacher education will continue to be given by universi- 
ties, schools, and professional organizations. As a result of the San Francisco 
Conference some of the problems these groups face were identified and sugges- 
tions were given for direction of teacher education. 

The education of mathematics teachers should be viewed as a life- long 
career development. With such a view, it should be possible to analyze the 
needs of the teacher at various stages and to make available the kind of 
education needed. 

At the undergraduate level, primary focus probably Ghould be given to the 
tasks faced by a teacher during the. first one or two years of teaching. Mathe- 
matical content, as nov recommended by a variety of organizations, would be a 
strong component. The study of curriculum materials and methods of teaching 
vould go as far as a beginner could take, deliberately excluding those parts 
that require considerable experience in teaching for comprehension. The goal 
is to make a bridge from being a student to being a teacher. Perhaps the 
brlclge is best made through a longer training program, including an internship 
that gradually gives the prospective teacher greater responsibility. There 
were strong suggestions that the internship start earlier in college to help 
young people identify with teaching and to ascertain the strength of their 
interest in teaching. The additional training time and thought might also 
make a transition to full-time teaching easier. 
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If the teacher flui-vlves the initial shock of teacldng (we don't know how 
many nor the reasons) he should te eager, willing at leaot, to increaoe hio 
eophiotication in mathematics and to exaniine curriculum and methodology more 
critically. 

Most teachers are ready to respond to suggestions about opening up the 
curriculum and trying new methods after they have gotten come experience under 
their belts and have mastered the routines of classroom management. Consider- 
able work is needed on the kinds of courses, mathematical and pedagogical, that 
best suit the needs of teachers at this level. Perhaps special courses such as 
problem solving a .la Polya would be lielpful, NSF Summer Institutes and regular 
summer school and evening classes have pi*ovided a great help for many teachers 
at this stage. Can we find out which of these have been genuinely helpful to 
the teacher and design a more coherent and more productive program? 

The long-time career person needs things that keep him growing intellec- 
tually and professionally. Again, institutes and special 'courses have helped. 
However, what may be of even greater value is some joint experimental effort 
involving school, universities, and national projects. We saw the excitement 
and genuine rejuvination that occurred with the SMSG Expefrimental Centers when 
SMSG first started. Can we plan similar experimental work on a continuing 
basis and try to assess the effect on the teacher and his students? 

Ttiere are some special problems in teacher training that need careful 
study: 

1. Performance contracting and accountability seem certain to have an 
effect on the teacher. The teacher will need to know more about 
learning and how to produce it, how to motivate students to learn, 
how to teach students to take tests and how to manage students in a 
classroom setting more effectively. This certainly will influence 
training programs and also will force more careful study of 
curriculum, objectives, and assessment. 

2. There is a lack of information on oe lection, success, and durability 
of the mathematics teachers we train. What happens to the mathematics 
teachers we graduate? I-Ibw many of them stay in teaching and for how 
long? For what tasks that they met were they prepared or not pre- 
pared? There is a host of questions on which we need reliable data 

so that we will know better where we are. Perhaps a wider data 
collection could be augmented by a several year longitudinal study 
of students from selected institutions. 
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3. Differentiated draining probably is needed I'or the wide variety of 
JobQ in mathematicQ education, e.g., Junior lilgli ocliooi teacher, 
oenior high school teacher, department ohairrnan, oupervisor. Can we 
give some guidance on the differentiated training? Can we aaoess 
whether or not di f f'erential training is needed for a given cultural 
netting, e.g., inner-ci ty-auburbnn? 

h. Overall, we have done poorly in helping teachers cee a wide variety 
of reasons for teaching and learning mathematics. For a great many 
students, matlicmati cs is not a "now" subject. How can we help 
teachers assess honestly the values of mathematical study and 
communicate them to their students? Can this be a more obvious part 
of instructional materials? 

5, Mathematicians, mathematics educators, and school mathematics teachers 
Qll have a stake and a responsibility for the preparation of teachers. 
What are some ways that cooperative effort can be achieved? 

The sheer number of elementary teachers and their rapid turnover make 
teacher training, both pre-servlce and in-service, overwhelming. Some of the 
problems related to training elementary school teachers were identified as 
follows : 

1, Do we need special mathematics teachers in elementary schools, 
particularly upper elementary? Do tliey produce better results with 
pupils? 

2, Can we design tetter mathematics courses for elementary teachers, 
taught in the spirit with which we want elementary school mathematics 
taught? There are many people who feel that many courses now are too 
formal, too axiomatic and too unrelated to the content an elementary 
school teacher teaches. 

3, Kow do we prepare elementary school teachers to operate in the 
variety of organizations and vith the variety of. instructional 
materials one finds in the elementary schools? 

With the complex problem of teacher educ.?.tion, there is needed a coordi- 
nated effort of many people and several institutions with the goal of develop- 
ing some tiiodel teacher training progr^ for element-^iry school and s^rcondary 
school teachers. With impetus coming from an organization like SMSG, there 
could -0 a consortium of universities with each working on a different facet 
of the problem. Planning conferences would be held first. Universities, in 
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collaboration vlth eelected etfhool diatrlctsj would develop progrome . The 
central organization would cooixiinate the efforts of the various univereitlesj 
QflBeaaing reeultsj atimulating action and helping set new directions. Publica- 
tion and dissemination of results would likely be the responsibility of the 
central organization. 
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RESEARCH 
Jeremy Kl Ipntrick 



Again and Qgnin, in various wnye , portici pants in the Conference on 
ReaponaibilitieD for School Mathematics in the TO'o asserted their belief 
in the importance of carefully controlled^ and also of exploratory research in 
mathematics education. They indicated that more and better-coorcllnated 
research studies are needed in a variety of areas, In fact, if the tO'o 
were "the decade of the curriculum" in school mathematics, the 70 's mlglit 
well become "the decade of research." 

As Gail Young put it, the relevant question now is not "is this better 
mathematics?" but "is this the way children learn test?". T\\e learning of 
mathematics was probably the area mentioned most frequently at the conference 
as one in which research is needed. Along with questions of how children in 
general learn, come questions of whether specific learning styles can be 
identified and specific learning difficulties diagnosed and treated. Research 
on learning would, of course, be helped greatly if we had a functional theory 
of mathematics learning. Efforts to construct such a theory should continue, 
but researcfi need not wait on these efforts. 

Other assorted areas in which research is needed include protlem solving 
(what is it? what processes are involved in it? how can students be taught 
to solve problems?), teacher effectiveness (what accounts for it?), and 
instructional techniques (do applications of mathematics improve motivation 
and learning? do mathematics laboratories make a difference? are learning 
games helpful?) . 

Some of the calls for research heard at the conference were really Just 
requests for factual information — for example, surveys of where teachers go 
and why, or studies of the roles teachers are called upon to play, or inven- 
tories of the mathematics used by adults- Studies such as .these are not likely 
to be undertaken by individual researchers; they seem to require some sort of 
group effort. 

The lack of adequate measuring instruments hampers both research and 
evaluation in mathematics education. Some research studies should have as 
their purpose the development and validation of more imaginative instruments 
to measure the "higher- level" outcomes of mathematics instruction. Better 
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tr'iita rolatod to thr* leurniiii; of m'\t,hem;tt I ca . 

If orr? ourvoyo tho t'lcld of roriOMrch In nnthoiiritl cu mlucntlon, oiio In 
likoly to bn cUocouivigpcl Vy the vlow. ntudlon '\ro llniltod In ncopo and rarely 
build upon provlouo work. Ronultu ot' oxplorntory ntudlou nro not vidoiy 
dioocminatcd . Moot of tho roeearch in dono by doctoral atudniitn; few roucarch- 
cro have pubUohod moro than ono rcnnarch .ntudy; nlinont no ono dnvoton moro 
than a fraction of hio tlmo to rcooarch. TliJ o nituntion ia pnrtlcularly 
doprcosing In tho liglit of an oVoervation made by E, G. Beg Jo in hin pnpor at 
Lyon; namely, tliat tho complexity of tlio plionotnpn'> wo aro ntud;rlng--tho mind 
of the child, tho children In •■i clasnroom--df?mandG that wo make mucli moro 
carofiil obGorvntiona on larger and moro divorno G«uiiploo of otudento nnd 
teachers than tiac boon customary in the past, 

It doeo seemG to be tme, however, tliat the number o f matheinatl co educn- 
tors trained in empirical research \\hq grown enough in the laot dooodo or so 
to enable us Jointly to attack come selected research problems, if those 
problems can be identified. At ViP. Snn FninciDCO conference, the group 
charged with making rccommondationn on research called for an organi i^ation to 
coordinate research activities in mathematico education, The structure and 
the precise functions of this organization wore left unspecified, but It 
might identify problems needing resf?arch, sot priorities, contract with groups 
and individuals to carry out investigations, and perhaps conduct research 
studies of its own. It might also undertake reviews of the research literature 
in selected areas, lay down criteria for evaluating research, proposals and 
completed studies, and provide ij-t-.; jl.es of designs that could ho used for various 
kinds of studies . 

Although legitimate concerns were expressed that no group nhould be given 
exclusive power to control tho direction of research, in matliematica education, 
some coordination seems to be essential if future resean^h i.i to have an 
impact. At present, collaborative research is alinont nonexistent across 
universities and seldom occurs on a sustained tnr^in between universities and 
school systems. Too many researchers are isolated; they need the stimulus ol* 
Tike -minded colleagues from other institutions. At the ■ time, toaeherr 
can profit from participation in renenrrh studies; th^i ■ ? ciiallengod t.o 
reflect on their teaching and their Instructional goals. organization 
that would coordinate researcii could rtlr.u'nto nol' aVorative studies in a 
concerted, sustnined 'U.t.ark en research problorns in r:ig t!:er.atl cs education* 
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kind --curriculum problemo In the "old" o tyle of thf? Innt ten yoMrs, that in, 
Itomc where we would probably know how to proceed Lf we decided to undertake 
them, and pi-ob.l.emc particularly ciiuced by cb.angoa in or new looks at the world 
around us where we probably do not know how to proceed. Before giving you a 
llGt of each of thene, there are come other romarko at the conference about 
the people and alma of currlculujn work that should be mentioned. 

We obsei-ve that the second round of GMSG, a new look n* grader. 7 to 9, 
has a structure which Ig ntrongly motivated ty putting that mnthemntlcc first 
which iB mo.t important to the population an n whole. It iz thu.a an example 
of a curriculum development closely tied to social objectives and one from 
which therefore a useful oet of objectives might be and is being abstracted. 
This is related to the questlcn of why kldc should take math, or particular 
parts of math, an:/vay. Is there always an answer to the question of a topic's 
relevance? 

It was remarked that the time allotted to mathematics, particularly In 
the elementary school, was I'lkelj to come under attack, and that we will have 
to be ready to defend It. I: was also remarked that in l^ature curriculum 
work, social scientists, scientists and perhaps also secondary school drop- 
outs should participate. 

Coming now to specific suggestions for curriculum developnent, let us 
first mention areas in which tne method of attack is probably "traditional." 
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Ufm, T'iif Tint rfi n nf'Pirjrtf rnMir^m W^.i '"'h rmii pifttJ^jel M.^ for yftVJM 

vn^j n)HnU.»ne>l (iis»*ini mi-l ti.^< the ppi-* oi' ielnM ^'if^ur oiirf'elven wlmf 

ttptl vl tlotJ . lli^np nit«!i». nltio Ir iiuoi\n 1 fi t»\!K!nK to Uy i»#?oplf, nu't In 1nt»- 
grrtLlng muthrm-tttcM !»)tn th^ currrnMy t't^MHi or In^tiMmMon I ul U niium'l 

contrmv»ornry 1a:JUf»»i. Dem-riptlve roiirrt«3 luii'nlrly i 'H ^if^flfj*! » bvI mnthe*- 

mutlcrt ur eoj^pntrr Mpproolntlon counjan wf»j-f t^^nln "U|^h»"!|^ e"'! » It wnrJ ToU thnt 
t-hiff Vom un<l ot' A navjl**}' of cont ivveru l u l or nipMly *l«»vf»h">pinK nr«»»fl In 

tMP uurrlcu'.iun wrrr not yr^ nf>tt. IT.rtun ti>plru IncU^le MiP rom|nit.f»r, »<0one- 

try, lit.atl ntt on , mi^t lo^lc. Thr m^trtunitpr in pnrttruiur hun not. f\ii yrt rfnlly 
oonr \ip 'i^'iUuJt ttie Ini I'lu !:\.'iny oi* vhoiif* tnpirr! 'H'trr n!l t!n»j'r for 
ciotnputer purpoornl 'la!! Youn« i-ilnpil h)t rrrn n ti^» rn>lt t ion^T* ktnj of 
qurntlon: Ti* 1 -t j^'uic or 0th knowi to «olnK l»-o iTrlfnrf, 

what woul.i I trncli '..hix; 7 r^ntiwrr: ip Mipory, f rnnu I'omnt i on jJieoinotry, 

nnil otJirr toplru !n the nljjrbi-Hlr f(iPt,ho<l>i of ir.nt hrmnt.1 en - p!iy»lon. Au n I'lnn! 
Item In thr prcurnt ontrKoryi tlirrr vxa rrt'rvPnnr to thf tig themert ol* mnthf- 
matlca, th«*»:>rfi thnt coca* 'xU-.o In inuny '\r<»?\;i oiUnlir ol* mriMietrmt I rn , th»»inrn 
'Ground wfilch unl*;,i falght to org*»n !. ^r^i «t. miny ►^r-i'lr Irvrln. KxHininfti: thr 
orgMnlzitlon 'ml lijjp!'\y or Inrorr.nt. Ion, !;!0<lrl!nKi '»qu! v>\ Imrr , proof vertt'in 
nonTroof vernufi 'Unproof, 1 rn-^rl mior , ran^lomnrci*. , rxirnflonr; of i^yntrmo vlth 
t}".*»lr g'llnn nn'i loni'-oij, p-u-ti'il o^>lrrJ n*.' . 

In thr C'Atrn^ory o!' nind t ;lMtn;} for purrlnu.aT, Irvr lop'irs!^ wnrrr th.r pon- 
proce<iuren nir^ norr !'i.*^y, we iOf;:r v! tn -i r.-A/or orI(ir;i in our norlrty, 
In the Inner city :}c;iooln. CloiTrl> rrlatr.l to ♦hln In f^ir*-. ono of our 'Um- 
cultiea In tii^it wr Mo not know v!.-it tlie rr'.ft*Ion !n) -irr rhr i\jture 'lropout:5, 
thr 2*-^ who v! *. 1 phyriicilly ^r r:j;rw;err, aril ^hr wr.o will mentally 

\o eL.nowherri VTrrit do wr do I'or t;;rr.? Are r.ultiple '\ppro»\<:hrn aval Inlle to 
th** tenc.'ier Tor cimr r^u^.'rct «ir: ancwrr? vy.iit in *;.*» ^'iclr nlrr.aTi of 
rr.ather.atical knowledge for rvrry^ody? Vn-.at happens iiftpr Vr.ir, novr7 W}mt In 
the polyMt!:Ic ('tn opF^f^eJ to r.ono 1 1 ^0 iJtriot.irr '•/i': n'. ght rol, Jew? In 
there a cmcr^'it^horl or tnodrlr, , nn.i r.ov cm wr i.eLp "h'* rviirnt and teacher to 
3et pi*lorltien? Wliit -ill cut r.atl'.T.M* i :'cr rveryonr a* ovn pnrr? Vfm^ 



•T'he "rnified 3rrienc*i and yathcr.a'-i ^5 tor ^he iiMerrent-iry ^f^hools" pr.,Jf?r-t 
Is beln.^ "rnrrled out undt*!- th'r aunpi'-Mr. F!u."ational rtvelDpn<.'f:t Center,^ 
l.'ev-t.or. , Ma.*? sachu setts. 
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mathematics should iDe taught In connnunity colleges, technical institutes and 
junior colleges? If we organize the curriculum in its psychological rather 
than its logical order— and neither of these is unique — what would it look 
like ? 

It is perhaps fitting to close this section with one more question: Why 
do curricula work? It is clear from the preceding that there are situations 
which are not felt to "be covered, students for whom appropriate materials are 
not available, potential participants in curricuLura thinking who have not yet 
been tapped. In this Last category one important remark needs to "be reported 
the overall mathematics education effort needs the participation, among many 
other people, of the research mathematician. He can do many things, "but we 
need to get his attention. Curriculum development is perhaps the "best means 
for this. 

Who should do these things? SMSG or other curriculum ^:X)ups might well 
handle the first category. If we knew who could do the second they would be 
half doncf 
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EVALUAG30N IK MATHEMATICS EDUCATION 
Donovan A. Johnson 



In the Conference, it was clear that appropriate decisions regarding the 
accelerating changes currently taking place require evaluation of the appro- 
priateness of mathematics programs, the total achievement of students, the 
effectiveness of instructicn, and the role of instructional material. To 
evaluate these different factors requires measuring instruments which make 
comparisons possible, measuring instnaments that are precise enough to detect 
small differences. These measuring instruments must be usable for the stu- 
dents, teachers, materials, or programs involved and in the school situation 
for wlaich they are designed. Then the measures obtained must be analyzed and 
evaluated. This evaluation may require standards, norms or the subjective 
judgement of the evaluators . 

The changes in modem society which make evaluation such a critical need 
today include the following: 

1. the criticism of mathematics program:- because of the level of 
computational skill of students as measured by standardized tests. 

2. the role of commercial enterprise in contracting for the education 
of groups of students- 

3. the variety of new programs promoting individualized instruction. 

h. the increasing role of the computer as a tutor and as an instructional 
tool. 

5. the freedom of choice of students in schools with modular scheduling 
and mathematics laboratories. 

6. the increased role of the computer in record keeping, test administra- 
tion, and decision making. 

7. the increased sophistication of and potential for research in mathe- 
matics education to be performed by experts vlth computer assistance. 

8. the innovations in teacher education which need to he evaluated before 
they are accepted. 

9. the variety of instructional materials produced by commercial 
enterprises . 
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10. the crises in the classroom, especially In the schools in the inner 
city. 

11. the demand for accountability of an educational program and the 
instruction. 

12. the growing Interest in performance contracting. 

Evaluation of Achievement in Mathematics 

Thiere is a critical need for new instruments for measuring achievement 
in mathematics. These instruments should be designed to meet the following 
cri teria; 

1. Tests should measure the attainment of all types of objectives. If 
objectives are not available, the first step would be the statement or 
collection of appropriate objectives. If these objectives are stated as 
behavioral objectives, the writing of test items is facilitated. 

2; In order to measure broad cognitive objectives and objectives in 
the affective domain, test items should include measures of achievement in 
the following categories: 

understanding of computational algorithms 

logic of a proof used in a unique setting 

solving of original problems 

attitudes such as appreciation, curiosity, loyalty 
applications of concepts to new situations 
discovery of generalizations 
creation of a mathematicel system 
learning independently 

This requires new test situations that are currently not available. 
These are the type of tests which are desperately needed at this time. 

3. The test items should measure different levels of mastery of a given 
objective. 

The test items should measure the residue of achievement sometim.- 
after instruction has taken place. 

5« Some test items should be designed for different settings, for example 
with a text available, or a laboratory device, or a computational device. 

Tests which are constructed should be used experimentally to establish 
the reliability, validity, and discriminatory power of the test. The tests 
might collect information from stratified samples to provide bench marks for 
comparative studies. 
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Test items and complete tests should "be examples which could be used by 
teachers and publishers. The attached proposal suggests one wty *.o develop 
new tests. Hopefully, these would be developed In such a way *h3t they vill 
be understood and interpreted properly oy the public Wien used for account- 
ability of a project, they must be used in terms of the rojectives measured. 



Evaluation of Mathematics Programs 

A mathematics curriculum needs to be evaluated before it is accepted as 
appropriate for a gi\'en school. It would be the purpose of this project to 
establish gxiidelines and standards for a mathematics program. In establishing 
these gxiidelines the following aspects should be considered: 

1. Philosophical : Does this program have acceptable objectives? 

Is it designed to meet the needs of society and 

the needs of students? 

Is it relevant in today's world? 



2, Psychological : 



Mathematical: 



4, Pedagogical: 



Evaluative : 



Will it be of interest to students? 

Does it have appropriate difficulty level for the 

students involved? 

Does it make provision for individual differences? 

Is the mathematics correct? 

Is the mathematics significant? 

Is the sequence appropriate? 

Is it teachable by the teachers available? 

Is it teachable in the time available? 

Are adequate materials available? 

Is there a means of evaluating students' achievement? 
Is there a means of comparing achievement with that o 
another program? 



Evaluation of Instruction 

At the present time there is no valid or reliable device for measuring 
the quality of a teacher's performance in the classroom. The checklists, 
interaction analyses, or attitude inventories now used are notoriously 
inadequate. It is obvious that the main criteria of a teacher's performance 
is the learning of the students. However, what students learn depends on the 
student's ability, the student's prior educational experience, the environment 
in which the student lives and other factors, all of which are outside the 
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control of the teacher. Thusj it does not seem probable that a major effort 
at this time would be pi*oductive in finding a way to measure instructional 
effectiveness of a teacher. Hence j at this time^ it does not seem reasonable 
for teacher effectiveness to be evaluated by student achievement or current 
rating devices j although both these methods are frequently used. 

Evaluation of Instructional Materials 

There are a variety of instructional devices, audio-visual aids, and 
published material available from commercial companies. The te' cher who must 
select those items which he can use to improve his instruction r.eeds help. 
The purpose of this project would be to establish guidelines for selecting 
instructional material. It would provide standards of quality which could be 
used for decision by curriculum consultants and state departments of education. 

To implement these proposals for the evaluation of programs or instruc- 
tional materials, it might be desirable to establish a "Bureau of Standards'* 
for mathematics education materials. If this were to te done, the Bureau 
should be an independent organization and not a part of the organization 
suggested in this proposal. 
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A '{T.ST PEVEIiOFMENT PROJECT 
Jc :<li?Htrick 
? (vAvfSupp lament bo the Pepor^ in Evaluation In Mathematics Education) 

One of the themes rtinnlng through the confe"^**nce was a concern for 
behavioral objectives,, what Ihey ire, and whether. If the mathematics 
conmonicy abdicates responsibility, the task of sp -clfying objectives will . 
be ' ;.hen up by others. A related theme concerned "performance contracting" 
pro.lects and the notion that. In the absence of anything better, narrowly- 
leased tpst: are beln;^ r;:ed In these Jrojects to evaluate students* perfo-n;ance . 

A perusal of the National Assessment Project's "Matheiriitlcs Objectives" 
and a close look at scne of the sfcandanJized mathematics achievement tests 
now on the market convince me tha'- a major effort should be made to develop 
tests to measure some of the r.hings* that we consider Important, but that are 
not touched by existing tests. We can »faste a lot of time talking about 
behavioral objectives, but unless we spell out what we mean by devising actual 
test items, trying them out, and putting them into usable form — complete with 
norms, etc., — the test publishers, like the textbook publishers, will not be 
moved . 

The development of tests to go after some of the Ideas tossed around at 
the conference — problem-solving ability, appreciation of the beauties of 
mathematics, attitudes toward mathematics --seems, at first glance, a Utopian 
goal. But if we don't make a start on this, who will? It seems to me that 
the one place in which the professional mathematician can and should make a 
substantial, immediate contribution to research in mathematics education is in 
the development of new testing instruments. Needless to say, the practical 
value of such tests would also be. considerable. SMSG has made a start toward 
the development of new mathematics tests in the National Longitudinal study 
of Mathematical Abilities, but much more would have to te 'one to produce 
"sample tests" for classroom use- 

Accordingly, I propose that a small study group be establlshed--as an 
offshoot of whatever mechanism is devised to deal with problems of mathematics 
education in the next decade--to undertake the development of mathematics 
achievement and attitude tests. The study group would convass the mathematics 
community for test ideas and sample items --drawing on the expertise of the 
sizable group of mathematicians who have worked for such enterprises as the 
College Boards. Then the study group wcJuld contract with researchers in 
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mathematics education to undertake the tryout studies that would be needed to 
get the tests into shape. Since the study group vould have a national con- 
stituency, norming studies could be conducted in schools across the country-- 
an almost impossible task for a researcher working alone. 

Like SMSG, the new study group vould not compete with commerical pub- 
lishers. Instead, i,t vould provide samples of the sorts of tests that mathe- 
maticians and mathematics educators consider appropriate for measuring the 
outcomes of modem curriculum programs. 
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COMMUNICATIONS 
E. G. Begle 



Two general observations need to be stated. First, communication' must be 
thought of as a tvo-way flow of ideas. Much of our present caninuni cation 
system is designed for one-way dissemination and needs to be supplemented with 
better feedback mechanisms. 

Second, different communication channels are usually needed for different 
messages * 

Here are some examples of different important messages: 

1. Objectives. A message might be a list of mathematical topics asserted 
to be important for all students, or a list of topics important for any student 
planning to attend a four-year college, etc. The source of such a message 
would typically be a committee or panel of experts. The targets of such a 
message would be many, among them being curriculum developers, textbook- pub- 
lishers, school administrators, and parents. Each of these targets should be 
able to provide feedback to the source, and it (the source) would also wish 

to be the target for other messages from such sources as educational researchers 
or scientists and other consumers of mathematics, 

tlTJical channels for these messages would be journal articles, lectures 
at local, state, and national conventions. More usef u meetings bringing 
together representatives of the source and oi the targets . 

A mechanism for noting the need for and then organizing such meetings 
is needed - 

2. Standards . A message here might be that for high ability students 
this textbook results in excellent achievement, for middle ability students 
rather poor achievement, and for low ability students no achievement. Another 
message might be that this test does not discriminate between high and low 
achieving students for topics A, B, and C, but doee discriminate for topics 

D and E. The source of such messages could be a "National Bureau of Standards" 
or a "Consumers* Union" for mathematics education. 




Since any message of this kind will have financial implications, great 
care vi 11 need to be exercised in setting up an agency to make these evalua- •• 
tions. However, the need for it is great. 

It is not necessary to list all of the targets for such messages or the 
channels through which they would flow. It is clear, though, that there would 
be feedback with respect to which texts, tests, etc., should be evaluated. 

3. Research . Here a message might be that there is an interaction 
between IQ and verbosity of a presentation of pi*obability concepts. The source 
of such a message would be an individual research worker or a research project, 
such as an R and D Laboratory. The targets would be other research workers, 
school administrator::, teachers, textbook writers, parents, etc. The channels 
would be, usually, research reports or journal articles and oral reports at 
various kinds of conventions. 

Here it must be noted that the wording and format of these messages will 
depend on the particular targets. To explain to a parent the meaning and 
implications of the above message requires a different wording from that 
appropriate for a fellow research worker. 

Present channels between researchers are reasonably satisfactory, but 
other channels need either Improvement or construction from scratch. It 
would be helpful, for example, if NCTM could arrange for an. annual review, 
aimed explicitly at classroom teachers, of educational research, and if MAA 
could do the same for research on post-secondary mathematics education. How 
to convey research results to parents and other laymen is an important ques- 
tion with no easy answers. 

Finally, it should be noted that one target of research messages should 
be an organization which is concerned with quality control in research. At 
the moment, the SMSG Panel on Research through its Journal of Abstracts serves 
this function. , 

h. New Curriculum Materials . A message here might be a new textbook. 
The source ffiight be a curriculum development project or it might be an 
individual author. The target would be the usual combination of school 
administrators, teachers, parents, and laymen (and also the Bureau of 
Educational Standards). The usual channels of communication, journal articles 
and lectures (and advertisements) are not very .efficient. 

The system of tryout centers, developed by seems to have been quite 

efficient. For each new text, a dozen or so centers vere established, with a 
vide geographical spread. Each center had enough teachers included so that 
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none of them felt lonely or isolated and so that there were several others to 
call on in case of trouble. A mathematician provided inservice instruction. 

These centers made it possible for a large number of other teachers, in 
the area to see the new text in use. The participating teachers were acked 
to speak at local meetings. Direct infomation about the new curriculum unit 
was .easily available at that locality. Some of the participating teachers^ 
especially those who were also inovlved in the writing sessions^ were invited 
to testify I'^-fore text selection comitteec^ and spread information even wider. 

A svily of the geographical distribution of orders for SMSG texts early 
in SMSG history showed that adoptions clearly radiated out from these tryout 
centers, and that these were much more influential than articles, lectures, 
or advertisements. 

Agencies willing to provide financial support for the preparation of new 
curriculum material should demonstrate their faith in what they are supporting 
by budgeting also for a number of information spreading *:ryoLit centers. 

5. Information « At this moment (December, 1970} it Lq not clear whether 
the^e is an oversupply or an undersupply of high school mathematics teachers. 
I'hls is just one example of an infornation gap. We could plan improvements in 
our teacher-training progrnjns much more effectively if wc iiad a better ecti - 
mate of the current supply of teachers « 

CBMS has already demonstrated that it can collect and disseminate useful 
infoi-mation, and It should be encouraged to continue. 

A I. -co, we urge CH^, in its vork on. a National Information System, to give 
a high priority to the needs of mathematics education. 
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EXPLOITATION 
OR 

EFFECTIVE UTILIZATION OF THE PROGRAMS OF THE oO's IN 
ATTACKING THE PROBLEMS OF THE 70 's 

B. H. Colvin 



The decade of the 1960*S'has seen an unprecedented surge of progress in 
curriculum developnent in the U.S. and in many other countries. New programs 
in mathematics, in ai- *:ronomy, in physics, in chemistry, in the biological 
sciences, and in the earth sciences, have been brought to the schools. At the 
elementary level, programs in the processes of science and in pre-science 
topics have been developed, in addition to a variety of new mathematical pro- 
grams tod curriculum materials. At the secondary level, seme more advanced 
programs in engineering concepts, in computing and in computing application 
are available. 

In fields outside the physical sciences and mathematics, comparable 
strides have been made in the language arts, in social studies and in the 
social sciences and, indeed, in almost every spectrum of the curriculum. 

A variety of approaches have been tried in developing and in introducing 
these programs. Moreover, a number of different approaches to improvements in 
teacher training, both in-service and pre-service, have been explored. 

During the period of these developments the evolution of our society has 
brought new problems into critical focus. Thus the decade of the 1970* s pre- 
sents new problems, some of different character and different scope from those 
which led to the curriculum development activities of the 60*s. Typically, we 
identify: 

1. A general societal and educational concern for interrelationships 
between and among subject matter field and a grand concern for rele- 
vance of all education to "real" world activities - science and 
society; mathematics and society, etc. 

2. An articulated national concern for improved education for certain 
subgroups in our society, e.g., inner- city children, for rural area 
children, and, quite broadly, for "dropouts" everywhere. 
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3. The recognition of protlems of a new magnitude in preparing for the 
vocational and technical education of millions of students at the 
high ^school nnd early college level. This is one component of vast 



-priate for Junior college, community college, and two-year or four- 
year technical colleges. 

li. Tlie recognition that individual educational patterns are rapidly 
changing from one of continuous sequential school attendance to one 
of interrupted periods of education where a lock-step sequence 
becomes difficult if not impossible, and certainly not optimal. 

Hie decade of the 70 's thus adds a new spec'tnn of problems to those 
attacked in the bO's. New visions, new goals, new patterns of organization 
and fresh ideas vrlll be needed. 

Nevertheless, in our planning it is important not to sacrifice any pos- 
sibilities for exploiting the substantial achievenents of the past in tackling 
the problems of the present and of the future. One proposal for school mathe- 
matics activities of the l^^>''0's must be to explore all possibilities for 
exploiting the curriculUT: hnprovement, teacher training, and course-content 
improvement accompli shjnents of the 1960's in seeking solutions for the problems 
of the 1970 's. 

As possiule examples of such exploratory activities, we identify the 
following questions for study. 

1. Can the course content programs in piiysical sciences and mathematics 
be used as the basis for developing an "interdisciplinary" curriculum 
of broad interest and relevance? 

2. Can the existing programs in the social 'sciences, social studies, 
language arts, etc., be "integrated" in some reasonable way vita 
mathematics and physical sciences topics, to achieve a similar 



3. Can "modules," some disciplinary in character - some interdiscipli- 
nary in character - be developed from existing curriculum programs to 
meet the need for flexible blocks in a revolutionary new type of 
smorgasboi-d, selective access, multi-stage tirpe of instruction? 

(cf. item 13) 

Iv. W-.at more effective use can be r.ade of present progrnjns, or of these 
freshly-baked casserole courses, in improving the teacher training 



new educational concern for the programs preparator;*'* to and appro - 



advance in relevance, interest and teaching effectiveness 7 



programs ? 




5. How can such unifying, interdisciplinary, socially relevant recombina- 
tions of newly developed course content programs be used in the 
development and refinement of goals, objectives and evaluation 
criteria? Can these studies contribute to developing a rationale 

for such objectives? 

6. How can these exploratory studies be used to achieve a greater effi- 
ciency in conmuni cation and in understanding with teacher certifica- 
tion groups, state curriculun officials, parents, teachers and school 
boards? 

7. As an example of special significance, can the various materials for 
learning the operation and application of computers be further 
developed into helpful series of computer-oriented modules for the 
physical sciences, social science activities, business and industrial 
applications, medical and hospital applications, etc.? 

8. Can the exploration of such integrating studies be tied to an effort 
to develop mathematical models and to develop an expanding source of 
relevant, related, understandable, exciting applications in mathe- 
matics and computing? 

9. How can the existing pi*ograms in the various areas of mathematics, 
physical sciences, social sciences, language arte, etc., be used to 
provide special materials for special U2e in urban nchools, poor 
rural schools, newly integrated schools, etc.? Such packager, would 
in general serve as valuable enrichment packages for the average 
classroom. 

10. Hov can the developments at grades 11, 12, 13, l'* ^>e utilized as a 
possible mechanism for developing curricula at black collegec and 
black community colleges ana for two-year colleges in general? 

11. 'How can the activities, the developments and the data accumulated in 
the course content improvement activities, etc., of the 60 *s be 

■ effectively made available to suggest research topics or to refine 
the choice of research topics or to help coordinate the development 
of research projects in the 19T0»s? This would include possible 
research in learning, in teacher training, in teaching approaches, in 
school organization, in "modules" use, in studying the effectiveness 
of learning games, mathematical mat' rials gadgets and laboratories, 
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12. Are there prograr.c or approacheij developed or nov developing in other 
countries which offer the possibility for exploitation in the U.S.? 

13 • Can the development of new course materials --e.g., a minimal core 

mr^thematics ,prograr., an interdisciplinary mathematics, science, social 
science, language arts program, a flexible module series in some area-- 
be utilized in a radically different t^Te of teacher training geared 
to the teaching in Just such courses? Could we develop the background 
training in conjunction with the actual teaching of the course? 
(This is really second-order exploitation, although a first order 
exploitation might use an existing course sequence.) 

1^. How can ve exploit the discipline training of some mathematicians, 
physicists, cfierdsts and engineers in retraining them for teaching 
opportunities? Does this offer a special opportunity to help a group 
of citizens with unique educational qualifications to contribute to 
educational progress ? 

Characteristically, most of these suggested studies involve greatly 
'increased collaboration between mathematics and other disciplines and with 
numerous sectors of the education and government communities. By the nature 
of the problems confronting us in the TO's, this seems inevitable and should 
be recognized in planning, in proposals and in organization for the work. 
Especially, to achieve major alterations in the educational patterns asso- 
ciated with mathematics it will be necessary to develop more realistic working 
relationships with a number of organi 2ations--e .g . , the Education Commission 
of the States, NASDTEC, ... 
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PROPOSAL FOR A l^EV ORGANIZATION FOR 
MATHEMATICS EDUCATION 



On October 25 and 2U, 1970, SMSG sponsored a Conference on Responsibilities 
for Mathematics Education for the 70' s. Tlie extensive proceedings of this con- 
ference have been examined by an ad hoc committee of the SMSG Advisory Board. 

' At its working session in Washington on December 11 and 12, the ad hoc 
committee organized ideas suggested by the conference into seven major cate- 
gories- -objectives, teacher training, research, curriculum, evaluation, comnun- 
ication, and exploiting the work of the past aecade in the next decade. Each 
of the attached smmnaries points up the major problems in the given category 
with indications of what might and should be undertaken in tne '.^''s. For some 
of the nost urgent problems, specific projects are suggested for actioi'i. 

The ad hoc committee thought of who might be encouraged to take the action. 
At least one-half of the suggestions would easily fit into S.V.=:^ ; as presently 
constituted. On'- or tvo could be incorporated into the prf ^^^nt activities of 
CBMS. Several are new kinds of activities and new ider;;, c-.g., coordinated 
research efforts and the consortium on teacher trainir.(<: requiring a different 
kind of organisation. 

Overall, there is a recurring feeling — implicit and explicit— that the 
nature and size of the problems identified and the actions suggested require 
the participation of a vide variety of people in the mathematics community. 
Many of the problems are too big to be undertaker, by a single university, 
school, or other existing organization. Marshal:*. ^ ng the efforts of the mat^'?- 
matics community at large requires some Sf-'iSG-type organization tha*. can cut 
across the various specialties needed to vork on the problems. 

We believe that the organization set up by SMSG vas appropriate to deal 
with the problems of the past decade and that a number of current problems 
could be attacked by the present organization. Hovevdr, we feel that a fruit- 
ful attack I" n the problems of the 70's ideally requires new people, fresh ideas, 
and nev organisations. 

Ve believe that one new organization is needed to plan, to stimulate, and 
to coordinate vorl. on the problems identified. The organization itself should 
initiate action. Action is needed if the organization is to have vitality .)\d 
by its vitality attract competent people with needed expertise. Furthermore, 
productive action results in the confidence and acceptance necessary to attract 
and keej) vridespread support of the academic community as well as financial 
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support from gover r^.T*)nh :t * ;undation fMnds. Hovever, the organi-.:ati:in ;j}iould 
be f-ee to enlist ct?e coo):.* .^ation of schools, universities, and o*-,her groups in 
its various activities. 

The organization ulv.- 'Ld consist of a Director, some permanent staff, and 
Q working Board o- rectors of from five to seven members. Board members 
should meet three or four times Q year for sessions of three or four days so 
that they can be aware in depth of the activitie:: of the organi^iation and can 
provide thoughtful leadership. The : ^ ' should be representative of the vari- 
ous constituencies in tr ^ -(tics CL.;-munity. Since the effectiveness of 
the Board and the Dire:^ epend very much on the quality of the people, 
special effort should ensure the- appointment only of individuals of 
sound judgment and wit; -;;derstanding of mathematics education. 

The Conference Board of the Matherctical Sciences seems a natural parent 
for such an organisation because CBMS dc^s represent all organizations. Pro- 
cedures for election of the Director and the Board would have to be worked out 
with C3MS. 

We recommend that the SMS() Advisory Brard go on record as supporting the 
formation of an organi::ation as described herein. The problems identified in 
our recent conferences would provide an initial focus for the organi::ation. 
It would, of course, be encouraged to identify other prcblens, initiate plan- 
ning, stimulate the mathematics community, and move to some course of ac:tion. 

We also recommend that action on this recommendation +^ake place as soon 
as feasible so that the organization will be functioning at the time SMSG ac- 
tivities are completed, rr.e problems in mathematics education are crucial and 
serious. They deserve forthright action by the best talent of the country. 
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Burton Colvin 
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SOME COnSIDERATiarJS ON TIIE ROI^E OF PROBABILITY /OT STA'xISaTCS 
IN TICK SCHOOL MATflEI'tATICS PROGRAMS Ob' T^iK 1970»S 

Frederick Mostellci- 

In plans for the future of pi'ol'^: : Uty nnd ctntictLcs in school mathe- 
matics, the same empirical i nvest . ^nt: vo attitude env-ouraged liy Beglo for 
otl;er issues about content, objeciives, methods, and equipment continue to lie 
appropriate. At the same time, some infonnation a>out current trends in 
statistics may have value, even though they inevitably are coloretl Vy the 
beliefs of the author. It should also be noted that these remarks arc being 
written during a conference and therefore norci Tiilly cannot bo very complete 
or detailed . 

Tlie American ' cxl Assoclat.ion and the National Council of Tcachei" 

of Mathematics have a coni:nittee on tne curriculum in statistics and 

probability.*" '"' Comriittoe ban two i:nir.ediato pi*ojects for which they hope 
to complete marr-iJcripts by .T'.ir.'^ iO* ^H* 



Tlus voVaj:ic devolopc r.*:at.! ritlcal teacblnE abnoGt on' ; rely through the 
analysis of real life statistical problems- Generally ::^i;oaking, an open;..^ 
problem is solved and then the student is- offernd a set of exercises. The 
material is in "cxai::p!,c sGta" whicli corros:)ond to sections in a t3xt ar/l may 
build up to a complicated point. E:-;a:r,p.le sots i-^n from 1 to S e:.:amples 
and from aii^u" 2 to Sf;- pages. We ::avc about .j-O ser.s . Committee member 
and secondary seliool teacliers criticize ' oxamples which are supplied b^y 
statisticians, Comnittee mer-ers.. and secondary sc^.on'. teac::ors . Then tlie 
authors revise in the light of ■..i.o critiques. 

Wg do not ttiink material corr.parab i.e to th;^: : i" -viil.abln (in 

school or college): on th'^ other itancl, tha: dee.:: v.ni ;j;'-ve *:.a-: vc iiavn a 
good way to teach stab; I en. O-ar :-:ot:on '.r. t'r.i^ '. :^ can :r.a>o examples of 
genuine statistical tbLnking availa:.-ie, a*, a vclta.r^- '^svel. consistent witli 
t-lem.entary work, o-.:;ers can consider .lov to il-ipt the .' iear ;''oi* *.-.e carricu- 
1am. Wg are not preparing vhat we regaifl a:: i cc'. - We arr. oiTering 

topics treated in V.\lz manner. Coherer.t units o:' vari'. :r rr.z^z can \:fi con- 
sti-ucted, but t::ere are in tel lect 1 ,2'-P- Votv««n f:.'^ -.ir/.t:;. . 

Tiie work of the Cor.-: -toe has Veer, facilitate-: -y a gr'i-.t I'rom t!ie 
S lo an Fo uiid a t i o n . 



Fx.a-nples Vo lume 




Some ox'\rr;plou riro nrgujnont'itlvo and rpqulre con.-!:lorn\ lo cni'o locxuno of 
the complloat ic.i.". of rf?n], I! To pi^oMornf^. Othor.-i roqui !-o xm to tnko i cocon;! 
ntt'ick on '\ pi-cMem after i noomingly «uccPr;Ht\i! t'lryt ono. Gomo tlo not liivo 
^luDt ono anGwor, or ,'u;'<, two cither. Sono loal with the ?\r* oi" (.lata rmalyni;;, 
some vith niodellinj. (I emphnoizo thla vurloty I ocaur.o thn Conf'oj'onco hnv, 
been discucr»:n^ the dnGlrnbiUty o:' iric pr-oMonr;. A majoj* drawl. ach cnn i^o 
that the beginning tonc'.nr will find nov.\c oV tho matotdal :;ulji;tf\ntLuUy dlftVv- 
ent from l^oth his exporionco nnu '.li: prficonceptionn of t^tntlntlcc . ) 

Sonie illastratlonc of tap types of cxamplor, tt'oatod I'Ut not tlio fonn'xt of 
the treatment appeir in a I'ccont Mathomati cs Teacher (Vol.. t i, Marcli, 1970, 
pp. 199-208), n rocont Amerlcin Statistician (June, 19V0, pp. 3- , wd a 
recent issue of *'he Journa I 0 f the Amori can Statir.tL cal AsgocI ation ("CoU oglato 
Football Scoron, U.r«.A.", Vol. (^'} , March, 1970, pp. 3'^-''8) all hy the author. 
Aa'lticnal matpv;-il. hy Willi on Kruskal , "Statistical Exair.pI.en For Uno In I{j gh 
Schools" in a Proceedings of .'.n Intornati ona L Con forence on tlip Tnacii i ng o_f 
Probabi li ty 'ind Stati 5 tJ cs at the Pre-Col lege T^ve 1 heM at Cari ondale, ed i tod 
Vy Lennnrt Rado nnd tn pulUrdiod ty Almqvist and Wik:-p:!, otockholni. 

E>:Mays on Ann I! cati ons 

Thus volu-'Tie conciscs of about hO essays on user, of c^atiritlcs in prob- 
lems of significance to everyday life, science, A^ovemrient , etc. Tlione to not 
"teac:." how to do things but sliow successl\il uses, for Iniitanv- measuring 
uner.t -;,r.ont, consuner price index, roj r^nlng deaf::, rafety of 'ines 1 '.'^ t i c.n , 
smok anti -a! rcraft fire, I as eb all, ; ' reducing a new product, ppi'ipmics, 
,etc. Except for the essay on f^rddemics th*^ mati.emati cal ox:x)L:!tion is minimal, 
nearly zero, tho'ogh graphs, figures, and tai le:: are cometjnies used. It Js not 
interided that one exercise explicit mat;r.ematlcal skills to read it. The vola-ne 
is intended r.c fnniiliarlze Che reader '^th the breadth, variety, and impor- 
tance of the app l: cati ono of s'.itis*.ics nnl to eoriT.uni cate some ta/lc notions. 

Data analysi s . Wa*"-" r.f^v in s taM t i cs Jurt now is a revli^al 
interest in explcv.tory ^..ara analysis! partly recauno of tl'.e avi ! 'aJi^ity 0 ' 
computers and part y because of a r/i^'ural resource called J. W. Tuke y . Gemi - 
systematic approaches to exploring data are i'eing codified and tri e^l out Jn 
various colleges and uni versi ti er . Severa! sub:itantia;. -iistinct research 
projects will re coiitributlng tb.-^ir f'in'llngij to tiie common pool. Some work 
in interactive n^o'i'^, som.e batcri, i " i/ailable on com.puters. At several places 
data setii :.av-!>ir ■ .^l i'^rai- '. t variety of s^i.-.-ct matter are available. 
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Thlc dat.'i iiiuiytlc dove 'opir.ont ! .■ ivfr-ctililnfi iocn;u'f» It itiovp.'^ {\tvci\\r,\y 
Hway from thr ^^inplf' utKl oi'teii 'irM TI c ! -i , |;i'oM(?itiG of "coni'lniiatory \n\A\ 
nnnlyQia" Irit:o the coinpllcntod worUl of tlio cti-uctuj-o of tho data. In. ^■;!:'. 
part o!' *:\.f} work the pi'ol.^il l IU;tlc aV.l, 1 tudp towjutl tho niihorlal may \n i!>^o1y 
neglr'ctpd. Graphics may pl'^y ri proit. rolo. rm-ved 'in-'L-, may lo dr"iwn in ly 
hand and i\irtlipr calculationtJ d.::-.'>. 

New courses in tyiio £5ubjcct ol vlourly can bo dove loped In i vrirloty of 
ways. I think that the ur;o ,of thp dli^r'ay tube wi M be too expont'. !vo except 
for a row der.onntration incstallationa unlL I the very late *70:-. Meanwhi le, I 
think there ire some promising ideass for He developnent. First, ly accoclat- 
ing it vith either batch mode with fast turnaround or interactive mode we cir! 
get a clothe relation wltfi the computer and make trio cor.puter work pay off by 
decreasing the drudgery and by Incre^ying ti.e variety of paraineterr: that can 
bo adjusted ir. il.n annlycit:. 

Second, I tlUnk that there are r-ome sophisticated iJeao wliere the computer 
will be used to produce ma tori a I wh: ch can !- p'yiM-nd out to a clans, and a 
great deal, about data analysis can Vo leaiTied frorr the^^e materia.lG wb.Ioh would 
co.;t too nuch for eac!; ciasc r^.ember to program or produce himoolf. 'Tlius t!ie 
co!r;puter vill be uso<l in a sma : ' way by tb.e specific student i ut irs product 
can i ncome familiar, and d ! scu:;;.: : ons about v:.at tbr next; step in i n analysis 
s hould V c can still to qui t c r. a t i r, fa c to ry . 

Therefcro t.'iere are tb,reo main ways I see at this moment *.o Introduce 
this course. Paper and pencil :a:;ei, corr.puter material based, vl'rh modent 
direct compjtor support, ■:i:;d d computer rased, v:-;. or vr:'-:out displays. 

Interdiscipl inary vi th the sod al sciences . Mo:- 1 of t::e rocial .-c lor. cos 
-*tr^ boc ming stron.vly beha^-iora : based, ynici; means quar.t ! tat: vc . At 
Dartmout:. a data bank ''.nd related proj^ra-ns cabled Project IMPRK.'^o -Is i : . ."tra- 
tvve. HjO f:*es*:mTn :;oc:' - 1 o/r;Ir;' or econcr^ist -S a'; ''■ \"' roclal pro) .errr 
dircc- ..- Vy attenli.ng tc jug:; dvtta sources a.: the one-::.-,OC0 Tar.plo fj-c.m Iho 
cens'J". He ban many varL a: le:', a* dis;:osa' ir. i can as':', for a variety of 
brr ic'.r.s and perc^ntagec, and he can alro as.-: :'or- var: s t'^.ti s t : oal 
dovicer -.o re ipp'icd, w.' M. reminder.", frtm the machine a:: tc v:.at *-:.ey ^--.ean 
and varr^-ngc a' cut ::ow the pa-tlc;: xr G^ar'f;lc r.vxy :.e a si ' ly on*^ to jnive, 
tut student caf, have it. Tr.ere ! 'j nlzc -•.■itei' : a I or. a : arPie n'.;r;' or of 
comn arii es ove r a s u'-s tan t i a I peri od . Tin s p ro j oc i .: a fas c : :v 1 1 : ng one, r,:: ■ 



Vo vould do we".: to go study it, ta:k to the stui-^-ts, ai.i 
some hin*c for relating social, science v-^k 'r .'^:.oo:.- tc , 
m.atb.em ' ■ cs . T:>:» data are c-»:;uir.^ and evtonslve, .:o i; 




ideas of a I'actual 




ERIC 



Naturally, t:ii:;' -ort; o!' re I'vMon;:;/ I'^'-.^^i. i; t -i r\ii i ;io«."l:i1 
ucLcncec doo:.: nui !/iV(^ to le conputnr b:ij;od . Tiif^ro nro othoj* uri'iov;;, :;uc'h 
ac .Tlriplo crocntnbi;, liow cav.ulcz arc uctua". :y t-.tkon, ruid :'.o on, Ih-w cnu 
treated. Tho EG!;My:i on App 1 ! catlonc ccctlon would lo iiLioOr , Tho nrithnnatl cul 
content cr\n bo ruMior ;:r.'il 1 , I'lt l\\o Lirrront of r;o:iio rVudrr.t!: iiiny lr> iilgh. 
I do not W'.mt to uny all. ^ oven ir.o;*t :;tudon'.!; w.iuLl t --^ irMit^lit-od witli mic'. 
woik. Put I might (^niph•u^ i'.-.o Mrit movp.-i !n Vh'^ :ri:';" lii'octlon ;;Mf.3G 
In going. Tl'.at Ir,, it or'i'orr; nr.pl cnl r^^tiorirc:. ir :i :.!u1l! 1 1 tuVo tj: unnchnl r 
tlilnklni-: al:0ut cocla! pvoi lorn:; 'ind tho proprrtlor; of .'*ocioty. (Lot mr .nriy 
though t-l'.'tV nriny vU^oi-ou.'; changor. In riooioty Itivp t ^^en dono I'mm tho airici.'ii r., 
but ot.h»''i'!i h'l-.o Vooii in rorpoM.'^o to r'ltihcr .'■ir.p-'^ ''J*' ovoivho In: dnt'i."* 
Thoro i h.orr oppor^;:ni ty t o ii-^o d/it,. i so r-. vo r'r"L' i' c-\n I'o v^;.-'! rdrd 
an i)nnulutdori : n r.'on:'.at 1 on and to :;or ofhor dafi ■ ; :; k.O'^' .;'in-iny In ; ot li 
i til vi!I:ilty und ; tsj rc ! i. at i 1 1 ty . Undor ti-'^ !m--'^:' o: :'CM::;:U'i:!coi- I'i rr t -cl 'i;;;! 
d i ricu:::'! i on i h ::;uf:^. Undor tho I'orrior, *:iiO lL:;.;u'r oftor' ' •-•hoUior [\\r- d-tf-i 
adoquato for no 1 : ey and ^\zV.:: what po ; " oy i :o d'-'vo icp^'^d . 

Ono could havo : n f'-^ : t i a] r tat ' ' ! cr; I^ero vl * ;:ou*: nOQ^cm^:: dov- 'onl n^', 
Iho r.atfiomat ! ca I I a^; i lor :'. 

Intoif! i r;ci pi i nary wi ':); ti.c p;;y.- : ca ' ::c : "ntro:- . I IrtV--- .•'^'^n uni tr; prepai'od 
J'or the analyrjir. ol' data i'ron oxpor : r.onl ! vcr?: a-"; • hn iciO'il. lovo' i y niiyiiica! 
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work I'oi" !\ group t'b'tn for I ;!o l.'\t.otl pooplo vorKltit' on '\ cov.ml [i ro , Thr." com- 
!n!tt.on thu.T ;joe;: n n-.}vd Vol' thin to he kl^no, bvit loo.-; ii?t at: in ^mtM\h Imvo 

haw plaiir. or tMnd;; of ii',;; uvti !',o -1:? IK. I liellcvM' thnt U; w mid oncour.'if^i! 
othoi" group to do :\!ul that it vou.l l t o linppy ho f^ivo aJvlc^ or dl;;cu;;:i Um;, 
oumo uf the niut<!rLni. :nent-l ii'.-:! in Kxiuiipl on V.:lAun«' rsorKi n tluil- .1 Ma:: 
gf\*-h('r'f.' ! uui edited .'it'o, MVir.;^, appvopr 1 5i^t> t*.u* ::iu*h ;Tpi:t :i. 

Ti-.i-CJ appi'O-ica raM-.or r.-onr ! ,Ip thn op|;oi'tun I t i n:: ' for t.;;n ui'O f. t 'il I is t [ - 
cHl ami pi'Ol al- L 1 i t: t: ! c tocimiqiin- : tj ny^vor.l tloi) oi' ot fior naUi«^r-a[ ca 1 tncli- 

nl rpio:; . Ariot li^v vn ! o ' projoc* ' v.i'.'. : "'.Vint. P an l i 'In-i:; 'uvl mothodr 

r.houl 1 to prononto'i * •> -.-u-ioun r.o:'*r; or r; t ■: i^n t > •..,•<»':-■■ ■■.mlck! proj-^r-un?" 

vV.ain thii' In a worthy piPcn C i:; : coui'.i alorif: " • '.'n*'^;; t.l;o 

Con rcroiicr? !ri.'; ■11 f:f.'uc;::0(i otiifr r.or'Vr; ^ .•■ ! iioi.'iat i cn , f^.xc*^! ■ '. tlnnk tint, 
vn arc a !M;Mn ': ottnr prfpai-n-l o I.;nv!:oro ' :. Ma-thoiTi^ i cg *o ror.\^-:: : m m con- 
c to 1 i at: on oP j.ina:; noO'loa *:'ian vn -ir'-' !;*-'r*r'. 1 iplif?vr' t:;!;; ' .■ i p^r-v'^'ct 1.!ia« 
Wil.l :-f^qu: I'o Vhf^ :.n [ p o!' :'onn-ii-('':: :! */i *. : r. t. i c ^ a:i Pro;", t ■ app;■:^•-( ''ifMihi a;- W'W 
ar. t!^o:>n :'ro>r. tho ?"orn ir.a' :i'"'::rit- i rj-i ' ; Ir* t,o ooopora?'.' vi imooivH!':.' Inacir^'.- 
'in-l cu vvl CM 1 avi dovr; 1 ott , Ag;a i. n , I ■ i:r; con ! ' : 1 na*. t; : .a ' * ■ .n : A- [ICIM c*orj:! i 1. < r*' ' 
wo'iM oncoura^^n iiavini^ *\.'.z vor!-i lor.-^. '.-TiOt'.'^v *.:.ny vn-ill in -i ■■■■^::oaf(.'r* for 
t!;o oP:'or*" or iir*; I coa:.; a:'' -f i." : , 

v.i r:r , Fr'"^!;! '"^i'' n:- rov'.r>:\i:o '.v. *(r\c'r.\i\iT .:':a!o:r:- cr'.'f'cr, :::c.-'t. oV ur 
::avo Poand *.aa: t-oy^ ar^-^ 'f:.:c*;J :;o ■;-l.:'c ! : V"- ■nctual dlPPi^uMy 

: \in W'iic*: ic r,--' zno:: *c :P toaci.a; ' *^ i**Mlnn-r V';o ha'/n • ■ y.^A c^rta-in 
oxpf^r; once:; . T' ' ' :' M.'f •■r- -ii-o ■ tr'l, : :* ' ;:*a:n:,* can't: 

*a>.o an ! n*".or'^r.: ' . T'.:n : ca ! ' .•'^o:-;:; ' ■"■ n 'r/i' ;;n • -i;: !:arl no 

^vpn "-"noo ••.'1'- * : i'rcurri-r. rn'i:--:: ■ Aji ny *s:]'^n ! :; f-xfvr.i- 

r:;«?n*"a' -ior^i^n, w'.-.'.c. '. i'ar c i t:i* !n may viy:;, '■ ' . .^ra' v. ; 

h'ca', ar..i calli: I'or ca>' i a;: 1 ; r:.-'^:-:a * y. . ■ : . i l taidnnt 

v:.o t;a:: !i^v~r : oo:; :!V.--j!vni \r. a /rnnu'a'' v^/'-' : r-'*a'i-;a; :'!r:r ■ *. -arl tr, 
■"lo' o!a---.i-o ! ar-o : ;.ect:u-i ; 1 y , :--ir"'y T y n'.pnc ■ nc.-L::.:^' ft:::. ' :n]]r-n f y.^it 
ativ-""?.'^ V y. : .<o to t: <■* "L" '■•■a!it. c .:' '...I'ca; o !::.;■' i'^^i v ' vt .■ . T: n r":i:-io ::*a !on*.. 
two or *:.roo yoar:: ■a':or ! 1 in . acl: ;;■:.::;'■'■■■:;/: V' y .^^ v-- :: ■ 'Mut:;.*. 
!r;at-o . V/o iiavo * :-'^ t'oro -i r-',:.";- ^ . • a-^fi'^-a. o:-:;'a''' -at ' ^ 

"Irv^:" at V ■ tain^;; c';;, :^ -i'tuja.* . '1 ' : ' ca • mr a: 

calr.ur'^-: ca:. i ^ :. ':ao ::onr;o ■.:.a'. ! '. lo;'^:-: ;.■ ..y:. C: / ; ^r ' :: v iipl'nvon^ 
r,':K'\nr.'C coata::; quan:' 'at : vo r^/:;:-- . A ■ ' ~ ! >f/' w;;o :.-.r 

cjpont a doi ny 'a c::'^:';:ca: appr'?:;' : c^r:.: r 'ji.:' -r. -^'t iy . \'f n^-na*. i 

year ^^raJaa-je stuaoa': wao aa:: nr.:': ■^^lY.'^. l apn:: ■! '.i.-r::- ' a:c ir io;;pnra«:r. ^-.^ 

rin:l "i.o c-i'r'oct. oT variai^lor:. 7;.'*' y'^^vaneo "^n -.y vMdi *.;:o 

-.anV; : r. ': and . 
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I -uii no: U\v!n>? ;iny wh!»t-. pi-ol 'iM M • y 'in.l fit i :^ • ! <":•. i!!i<vil.l 'o ^ >v.\r. ' 
In whw. oi\h': ut. rrulmr ucoopt hi^*, 'ho point ih'»t J'tr^' i o(viu:',o r.omo! dln^ can 

^lonij iiof mr-riM M:!it Dtiilnni:! w! 1 ! jiIcK : up ot'f! ; y ; i' *\\o;: i,-iKo |t t-on, 

Vli'^v^"* nuy I n j-POM i\?r I no* : ■, , 

Gt;! ■ : ■iDotijr'v ^x-i'; ♦ n;'it I t.hink wrl!i rioiit !om! n^;'. ! r. t.lio (lnt.or-!;;ln: si 1 c 
vorld pro: l*--!;!. Mi:;.,' tu I r":] t.:; Irlvo I'Pph I n")'lght '.ip on t ho t!,r>oi-y Mi-jt » do 
world 1 :T '\ very dotiominlMti c plncn, ri:t i lt l» norm*-. ! inOii ! li vIkmi you c;ii: con- 
'.j'ol many o:' v,i:n cond!'!on:5. But n t •»♦, ■ :t t. I.cs n:A imx,M'-iI- ! ! !. t y :n'.kf'n :3o:nf> i.->f 
r.^.j'fio otut'-;'!: 'inn any. At'.aln, It. no: t.!;u*. t.-m mf\tPi-!nl ! ;i r.o 1 nlo 1 !»'cMu\l 1;, 
til fvi cult , tut t!:!a t'oollnt: tluit If rlmro -irc ;".:iny 11 t'l'oron* 'ini.wnni mikI it' 
on'-* cm't to". 1 ;;ov •Jilntri: cor;:o ou*. M;on in -i throat. on! n^^; plnco. 

Conooquontly ono wl t i. \v.\vo m'ouI l.oi! rost'f?' s^'-ulontr". wlio aro mr.lrt.lng tho 
nat-orl'il. v.o* I'vor. r.:';"icu'ty w! ♦ h tho mnrhor^'i*- i on :. t'oa tu :T>r , 1 ut. !'roi;i 'ho 
I !-',p: ■: c'lt ! on:- whicr:; tr.ny vnguoly iioe \l iifiving :'or ♦Lho worM. And of 0'v?ur'j;o 
It raLfjOG quocMcnc; al ou* t:ho o'ii:o inrra:;t ; :v.;i:-o\*o:nen*. of unrit h; t'Motnry 
y !. tun* Ion:; !n tj.o wor.M. Wo uvo !"or-. ! . too, 0'." r.iyin(^ t.-it. vo don't know nVout 
♦■dria , und v« ior.'t kr.v,>w 'it ouv th-i*.. ,i:.:(?rt;urt'i*oly, .•-.C'rio*.: ino:^ v, -mi vo sio know 
f ou*- *d 'ind , ■ ;'.p i::n*.:;orint i cr tcl]:' v*n vo cnn't ch.ant;'^ tiilnfV'-. rul 1 

o'.u'Goivon i oc'iMf n o :" "^xc'T.G i cent or Inck o:' con*'r*^' f virl'il loc. All 
•. ^:'o tdo'ii; C'::. io h'M'^] Tor 'in Ldo-i] I !:] c yc .inK ntm or ov"":*: 'i !i'i:*'i:joc:o i old 
or;o t:o iccop*. . I :r.u;:': no^ ovorr";:!; in;; ! rn '"h;:: {:yTid:vr.p, ' T :.'\vo -r^ny 
•\ r;ood a*r.:ion*: vory "roMidod. R>:co;;r. >r'vd ".'n^'.. :;:]oor* -i ; n ' y 'r "ir. 'ir/^i-'j-'j- 

•'ir product. 

I d not ox/oct a'.I r'.ulont:." ".o *!ko n::y \ c^'w :.ir- of F 'tn ! 3 

'.i:iy riore vi/i'^ c.:.o;. ^iro all sc;ng to - i ko pr-i^of 1:. yo -j-.o* vy ji;;ran;i L ttk conic. 
Put" I V-i.ink 'L •.''"1"', un:- ' 0 pi'cjoc*. womI : : t'O dI:;c,:'.'or "ho ■■-■'Or orlorr. i 
wide, to pror.or.*" !.i^:ngr; '^rd v;,^ ;.o*':or "".iijoc n.'i*-or voi. !. c ' o.". for ; n * i^rf^ ■ *. " r ■ 
t!.n G'.udont. 

On • ono i.an i vo cir. ir.ik*:* "^ro ■ v^v r*^ ! ovit: • . ■ r v"' i ', :.'ivo 

noon tiio "r ori^d 3 lor. t , v::'^::.p;' tr'ifc'h*" r \.:. j •."'.l-'.o r -d" 1; c.;* n prc'i 'o:n 
i.-is no ro'.ovinco ro n.n;r:':.'^ yi<i oxc^p-t ;.g .■ u : i : v::.". kn'^^v. Vory 

c ft or. :'G lovnr. t pro ; ornc ^ ro * orr ! 1 y c rrp V; cat^ ; i: ; I'oc ! !f 0 irr ! ;.avo ro 

?. y t ro u^ . r t '• ; 1 " *; h ("v! r " .' r. i; 1. ! f • ■ ! c r: c '"i r. : : ■r'*"*: . r ' . ■ ' r I 0 "id ! y . Ar. ; ;.' , 
wh ! > :*ol.pvn;.co c"":. :o r'*'oro] •;; f -^c* , I 'd r 1 " v, -i.o \ 'v\:.'iy 

pro': ^ orr. , ^::o rocrotiry rro: 'i:"f 't!i! " 'inl J -'^r,*"! f':''.!:''^ rr*:: ; 0;", 'iro 

'^tT.rrtc*. ^ rind fun : :i t:;o:r ovn rl»'i/ -^vor. if 't.hoy ■ - ^nro (.-oiiulno 

application In mere GOi-h: r ' i c't*-o ! fo-"." h- L:*"'r. ' '. r. u.-llkoly *■-• '•'.::<^'«' 

-i ' ou ' . 
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I'^ruro (V ■\;>A^N('";T«t ' < M-'o . l''wM!y til ! tmi 1 :i I r*, 1 i .iij>«:i ( NMir r-ihHvl Mml 

mainiucrl p' r. Vov < mc Itptiu- Kx'vup los; Vt^liuiio 'irhi Mitiwiyji App 1 ! iviM onu .';:i<nilil If 
t'inluho'.l nox«. your, Mm /\r^A-IK"IT'l a)i;imMttv Ir t^^^lvrni!l^ i iun;\Il cont^ronof^ 
MooU', Docoiiil-or Ij, UJ/O. 'VU'-' Cov.\''^i'>'uco will 'l[;-otii:;' t;,n farthor iipp*Ii) anil 
tXituro ViiVf'.i; In n U'lnon' ury 'in 1 rt'CtMi iury f.c;;ool woi'k In prolullllty nn I 
Otutlntlcc. Vttli Mio 'i!d 01' 1 i rcMi:f5 ion:: from tlint Confort^ncn, CoimUtoo 



FOOniOTE . Con :'i nn -.o : ' l * r\ ^iri i : yc 1 r. i n c I \i 1 c r. o • ; O' i c o " : ■ t i n»^ 
G Lgnl t^l canco or ovh.or r.ottiOvhj cV in Tovonco w:::c:; r.ar.y pocplo nscoC. '^ri 
otatii^rlc'i riPtiiO'lo Tor :'or;oarc:: vorhor:;. In rwiny o '^o:-*:^ r:'^i;.o.h- " ' 
lurklnf^ in '".o nckgr'o'.iM i - r. V'.'f, "in o>:p'--:-''mon'- toon '^■■;oL*-.r.n 1 viv. ■( 
npoci ric ■.•mi 'i; Ic or K-',: net ion to :n "ir.'.od". Provii^^i ^Ic : ~' ci'uirngo 
'iny aiT.ijr.*.:*- i onr: , ^ vonk cm :o nr-ir. nn'i ti .ly. Hio r/^":.or.nt ! c:' ': 
"cIo.;e i" v;*r. L'p'^cil'lc '\r.::vo:T: . ?'!o:'P *:-\\r. wc:r : r. ir n'^ in e ' cr.'^r; * 'i r-;. 
cViti " i c:: co ir'i^r':: *,0'l'i.y *.!'.-v:; '^:':p'..Oi"i':o:'y :iatr\ "tni 1 • "1:*? l'"i*:'o:- ol'i'Pi';" 
vijij •■ : • ick ;.! n^"; loi!*':: o 'i-i'i irui n^* ro- v.ako L'or.o ."or.no of :,h»or:'. . 

Ev : . ;.' ''^ i' 0 i in i' * i t. , 'i r , .i * '■ . oy i : i u :*n i :*o :^ cr.ov: 1 1 1 1 ' I 'o r o n *, Ti'or. r 'lt. p 1 
nuz'vo - :-:?^*;::c.ic: -m',! oyp'^ yi r'^n t.-i : i^^rii^n, rtr; 1 ^incrr.^y riroi v« ri>^:r cri;i 

r.o'::.r-\' '.^rv :\f>-: . :::r. "v! ;■!:*.•" , "-^i'^r", " l-f flninp* varj nbl^:*" . nn 1 "rv n- 

siTiplin..' errcr." 
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PROPOSAL FOR A NT'/ ORGANIZATION FOR 
MATHEMATICS EDUCATION 

On October 25 and 2U, 1970, s:<!SG sponsored a Conference on Responsibilities 
for Mathematics Education for the 70' s. Tlie extensive proceedings of this con- 
ference have been examined by an ad hoc committee of the 3MSG Advisory Board. 

' Ht its working session in Washington on December 11 and 12, the ad hoc 
committee organized ideas suggested by the conference into seven major cate- 
gories--objectives, teacher training, research, curriculum, evaluation, comnun- 
ication, and exploiting the work of the past aecade in the next decade. Each 
of the attached sujnmaries points up the major problems in the given category 
with indications of what might and should be undertaken in tne '.^''s. For some 
of the most urgent problems, specific projects are suggested for actioii. 

The ad hoc committee thought of who might be encouraged to take the action. 
At least one-half of the suggestions would easily fit into S.V.=:^ ; as presently 
constituted. On*- or tvo could be incorporated into the prf ^^^nt activities of 
CBMS. Several are new kinds of activities and new ider;;, i.g., coordinated 
research efforts and the consortium on teacher training': requiring a different 
kind of organisation. 

Overall, there is a recurring feeling — implicit and explicit— that the 
nature and size of the problems identified and the actions suggested require 
the participation of a vide variety of people in the mathematics community. 
Many of the problems are too big to be undertaker, by a single university, 
school, or other existing organization. Marshal:*- ^ ng the efforts of the mat^'?- 
matics community at large requires some S'-SG-type organization that can cut 
across the various specialties needed to work on the problems. 

We believe that the organization set up by SMSG vas appropriate to deal 
with the problems of the past decade and that a number of current problems 
could be attncked by the present organization. Hovevdr, we feel that a fruit- 
ful attack <■ n the problems of the 70's ideally requires new people, fresh ideas, 
and nev organisations. 

We believe that one new organization is needed to plan, to stimulate, and 
to coordinate vorl. on the problems identified. The organization itself should 
initiate action. Action is needed if the organization is to have vitality .)\d 
by its vitality attract competent people with needed expertise. Furthermore, 
productive action results in the confidence and acceptance necessary to attract 
and keej) v;idespread support of the academic community as well as financial 
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support from gove- r^.-r^nh -r * ;undation ninds. Hovever, the organi-.:ati:in ;;»iould 
be I'^'ee to enlist cpe coo^r* /at ion of schools, universities, and o*-,her groups in 
its various activities. 

The organization u';V."'Ld consist of a Director, some permanent, staff, and 
Q working Board o-' Directors of from five to seven members, board members' 
should meet three or four times Q year for sessions of three or four days so 
thRt they can be aware in depth of the activitie:: of the organi:;Qtian and can 
provide thoughtful leadership. The : • ' should be representative of the vari- 
ous constituencies in tr ^ -iMcs CL.;-munity. Since the effectiveness of 
the Board and the Dire:^ epend very much on the quality of the people, 
special effort should .-^nsure the- appointment only of individuals of 
sound judgment and wit; -;;derstanding of mathematics education. 

The Conference Board of the Matherctical Sciences seems a natural parent 
for such an organisation because CBMS dc^s represent all organizations. Pro- 
cedures for election of the Director and the Board would have to be worked out 
with C3MS. 

We recommend that the SMSC) Advisory Brard go on record as supporting the 
formation of an organi::ation as described herein. The problems identified in 
our recent conferences would provide an initial focus for the organi::ation. 
It would, of course, be encouraged to identify other problems, initiate plan- 
ning, stimulate the mathematics community, and move to some course of ac:tion. 

We also recommend that action on this recommendation +^ake place as soon 
as feasible so that the organization will be functioning at the time SMSG ac- 
tivities are completed, Tr.e problems in mathematics education are crucial and 
serious. They deserve forthright action by the best talent of the country. 

Ad iioc Committee 

H:, ;. liegle 
Burton Colvin 
L'onovan .'ohnson 
r'arl Kalman 

■ erer.y Kilpitrick 

■ 'oseph Payne 
•■enry Pollak 

Tanuary 5, 19"/ 1 
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SOME COriSIDERATIOriS ON TIIE ROUE OF PROBABILITY MID STA\ISn:CS 
IN TItE SCHOOL MATfrEl-tATICS PROGRAMS Ob' t;{K 1970»S 

Frederick Mos teller 

In plans for the future of pi*ol'\: : Uty and ctatictLcs in school mnthe- 
raatics, the same empirical i nvest . ^nt: vo attitude env-ouraged liy Beglo I'or 
other issues about content, objectives, methods, and equipment continue to he 
appropriate. At the same time, some inronnation al-out current trends in 
statistics may have value, even though they inevitably are coloretl Vy the 
beliefs of the author. It should also be noted that these remarks arc being 
written during a conference and therefore norci Tully cannot be very complete 
or detailed . 

Tlie American C*--*. : 'cil Assoclat.i on and the National Council of Tcachei" 
of Mathematics have a coniinittee on tne curriculum in statistics and 

probability.*" '"' Committee han tvo iimr.ediato pixjjects foi* whi ch they hope 
to complete mau'-i.Jcripts :.\v .T'.:r.'^ iO^ ^^H* 

Fx.armler Vo lame 

Tliis voV-u:ie devolopc r.*:at.! ritlcal teachlnE alnost on* ; rely through the 
analysis of real life statistical problems- Generally ::^i;oaking, an oper;..^ 
problem is solved and then the student is- offered a set of exercises. The 
material is in "cx.ai;:p!,c sets" whicli corrosrxjnd to sections in a t3xt ar/l may 
build up to a complicated point. E:-;a:r,p.le sots i-^a from 1 to S examples 
and from ai^^'.it 2 to Sf;' pages. We have about .j-O sers . Committee member 
and secondary seliool teacliers criticize ' examples vhlch are supplied V^y 
statisticians, Corrmittee mer-ers.. and secondary schf>'-.: teac::pvs. Then tlie 
authors revise in the light of ■..i.o critiques. 

Wo do not fnink material corr.parabln to th;:: :c -va: :.abl e (in 

school or college): on th'^ other iian:l, that dee.:: v.ni ;j:'-ve *:.a-: vc iiavf? a 
good way to teac'n stati I on . O'ar not: on ^s t:-:a- : can :r.a>o examples oV 

genuine statistical thLnking availal'ie, a*, a vclta,r^- '^svel. consistent witli 
tlementaiy work, c.-iorc can consider .lov to al-ipt :.he .' iear foi* *.'.e curricu- 
1am. We are not preparing vnat we rogaifl a:: i ■' r-rd:. We arr. offering 
topics treated in this- manner. Coherent units of vari'. :r r.'.zez can In con- 
s ti-uc t ed , b ut t i : ere a re intellect; '•. 1 r i ^ tvoe n t : '. . 

Tiie work of the Cor. -i • toe has >eer, facilitate': '• y a g:*'i'.*. from the 
Sloan Foundation. 
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Some ox'^itTiplou riro nrgiunont:'\tl vo and vpqulre con.-! :loi'nl lo cnro )'Oc>iuno of 
the complicat :c.').'.5 of rf?nl. It To pi^oMornfi. Othoi-.-: voqui i-o xm to tfiko i cocon;! 
ntt':ick on <\ pi'cMem aftor n nooiningly ^}uccpr!^3 l\i ! t'lrut ono. Gomo tlo not liivo 
^luGt ono ariGwor, oi- ,'u;:<. two either. Sono lofil with the nv* oi" (.lata rmalyni;:, 
some vrlth modelling. (I emphaoizo thla varioty locaiuio thn Conf'cj'onco hati 
been diccuc^.:n^: tho dnslraMUty o:' r.-ic p:-oMomr:. A majoj* drawl. ach can i^o 
that tho beginning tonc'.nr will find noiwc oV thr> matoidal :;ulji;tantLuUy cJirtVv- 
ent Crom l^oth his exporionco tmu ■Jo pr*?confeptionn of t^tatintlcc . ) 

Sonie illiistratlonc of thp typos of oxamplor, tt'oatod I'Ut not tlio fonnat of 
the treatment appear in a z'ocont Mathomati cs Teaclior (Vol.. t i, Marcli, 1970, 
pp. 199-208) J a rocont American Statistician (June, 19V0, pp. 3- , wd a 
rocent issue of *-he Journa I 0 f the ATiori can Stati r.tl cal AsgocI atlon ("CoUoglato 
Football Scorrjn, M.r-A.", Vol. (^'} , Marcli, 1970, pp. 3'^-''8) all \yj tho author. 
AtiUticnal matpv;al. hy Willi on Kruskal , "Statistical Exatr.pI.en For Uno In III gii 
oohoolc" in a Proccodings of .'.n Intornati onn L Con foronco on tlip Tnacii i ng o_f 
Probabi li ty 'ind Stati 5 tJ cs aL_ tho Pre-CoJ le^e T^ve 1 hoM at Cari ondale, ndl tod 
V-;,' Lennart Rado and pulUrdioti ty Almqvist and Wik:;p;!, Stockholm. 

E.:i-:ays on Ann I! cati ons 

Thus volu-Tie consiscs of about hO ossays on uson of s^atintics in prob- 
lems of significanco to ev^z'yday life, ccienco, i^oveminont, otc. Tliono to not 
"teacb" how to do things but sliow successful uses, for Iniitan-- measuring 
uner.: ".'.r.ont, consuner price index, roj' TX)nlng deaf::, nafety of anes t '.'^ t i cr. , 
sinoV: anti-aircraft fire, lasoball, ; ' rO'Juclng a new proiuct, ppi'iomics, 
,etc. Except for the essay on 'epidemics th*^ nati.emati cal ox:x)L:!tion is minimal, 
nearly zero, tho'igh graphs, figures, and tal le:: aro cometjr.es usod . It is not 
interided that one exercise explicit mat;b.omatlcal skills to read it. The volume 
is intended rx. familiarize Che reader '^th the bread t)i, variety, and impor- 
tance of tho applications of s'-atis*.ics nnl to communicate some J a/ ! c notions. 

Data analys: s . Wa*"-" J? <'"*w in staM sties Jurt new is a revival 
interest in explcv.tory y^^'r.a analysis! partly because of tl'.e avi ! 'aJi^lty 0 ' 
computers and part y because of a r/t^'ural rnsource cnllod J. W. Tulce y . Gemi - 
systematic approaches to exploring dat'i are ieing codified and tried out Jn 
various colleges and uni versi ti er . Severa! su'r:itantia:. -iistinct research 
projects will re coiitributing tfi-^lr f'in'llngs to tiie common pool. Some work 
in Interactive r^od«^, som.e batch, i i/ailable on com.puters. At several places 
data setii :.avi>ir ■ 3i "t'^rai- '.e variety of s^i.-.ct matter are available. 



89 



T!iic datJi •iii'iiytic dove 'opir.ont ! .■ ivi'r'ctililnfi i ecn'.isf> 1 V itiovp;-; r. t-.rc^u.'ll.V 
Hway from tho simple utKl oi'toii -irM TI c ! -i , |;i'oi l(?ittG of "conriniiato]'y lata 



nnaly3it3" Int:o tho coinplicntod worUl of tlio cti-uctiu'o of tho data. In. ^■;!:'. 

part o!' work the prol. I lU^tlc aV.l I tudn towanl tho miiherlal iiiay \ i!>:o1y 

neglpctod. Graphics may pl-iy n proit. rolo. :'U-ved liii'-L; may lo <ii"iwn in ly 
hand and i\irtlipr calculatlonc; d.:::i>. 

New courses in thl'o £5ubjcct olvlourly can bo dovolopod In i vrirloty of 
ways. I think that the ur;f> ,oi' thp aii^r'ay tube wi M bo too oxpont'. !vo oxcopt 
for a fow dei;'.on:Ttration intstallationa unlL I tho vory lato »70i-. Meanwhi lo, I 
think thorp iro sor:io promioing Idoas; for He dovolopnont. Firsst, ly accoclat- 
ing It with either batch mode with fast turnaround or interactive mode we cir! 
got a cloi^e relation wi tb* the computer and make trio cor'.puter work pay off by 
decreasing the drudgery and by Incre^ying ti.e variety of parainetorr that can 
be ad Ju 3 tod ir. il.n an n ly c i c . 

Seccn-.l, I tlUnk that there are r-omo nophi sti cited iJeao wliere the computer 
will be ut;ed to produce ma tori a I wh: ch cnn !- p'yiM-nd out to a clans, and a 
great dea! about datn analysis can Vo leamod frorr the^^e matoriaTc vb.Ioh would 
'jQ.;t too nuch for eac!; ciasc r^.ember to program or produce himself. 'Tlius the 
co!r;r/ater vlll i^e usetl in a sma : ' way by tb.e specific student ) ut irs product 
can :."cor>e familiar, and d ! scu:;;.: : ons ahnat vi'.at tbr next; stop in in analysis 
s hou Id V' c can still be qui t c r. a t i r, fa c t o ry . 

Therefcro t.'iere ar*^ tb,reo main ways I see at this rroment *.o introduce 
this course. Paper and pencil :a:;el, corr.puter material based, vl'rh moient 
direct computer support, a:;! d computer rased, v:-;. or w::''::0Ut displays. 

InterdiscipMnary vi th the sod al sciences . Mo:' t of t::e roc: a! .-clenceG 
,.-^r^ bec-ing stron.vly beha^-ior^i : based, wb.ic:; means quantitative. At 
Dartmout:. a data bank ''.nd related pro^^ra-nr: c-.: :od Project IMPRK.':::; is i : : .-tra- 
tvve. HjO f:*es*::mn ' o/r;Ir;' or economist -S a'; ''■ \"' rocial pro) .emr 

direc- ..- Vy attenling tc jug:; dvtta sources a.: the one-::.-,uCO 'rar.plo fj-c.m Iho 
cens'J". He han many variable:', a' dir;;:osa' mi can for a variety of 

b rr ic'.r.s and percentages, and he cm alro as.-: :'or- vari'-u:: c t'^.ti s t : cal 
d o V i cer ■ o re ip p ' ; ed , w : t :■ . rem : nd e rr. f i'- m the machine i :: t c v: . a t *■ ) . e; ' m.e an 
and var:::ngc a' cut ::ow the pai-tlc;: xr G^ar'f;ic r^viy le a s: ' ly on*^ to C'::-,;ni?.e, 
but student caf, have it. Tr.ere i 'j al[;c -•.■itei- : a I or. a : arPie n'.;ri' er of 
companies over a su'-stantial period. Tins project; i.: a fascinating one, r,v \ 



Vo would do we".: to go r:tudy it, ta:k to the stui-^ts, 'n/i 
some hin*:: for rel'^ting soci'i"- science v-^k 'r .'?:.to:.- tc , 
m.a t • ; e.m ' i c s . T! .e data a re c-»: : u i r. ^ and ex t e n r: i v o , - : o : ^ 
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rmturo of a non-cxpo:':;;.ont!\l sort-- ihu*. :v>f ihv oiwv^hot obni?r/;\t .1 oiin I i^l\w\y 
uovt LlKo '\ ccnfiu»--c(\:i lo ::i:\dr riv^IlnMc. 

Naturally, t\\'.r rovr re 1 -vM on;:;. ' i; t -i r\ii I :io«."l:il 

GcLcncec don-.- nol !/iV(^ to conputrr b:ij;rv! . Tii^^rp nro othoj* in-i'ior::, :;uc'h 
as ?:Irip3.o crocntnbi;, liow c.av.ulcz arc uctua! :.v t-.tkon, ^uia ::o on, ih-w cvxu 
trratod . Tho Egj;m.v:i on App 1 ! catJonc coctlon woitl.ii I n iiLioOr , Tho m'ltlinnatl ciiT 
content ct\n be ruMior ;:r.'\l 1 , I'lt Ihe Lirrront of r;o:no rtudrr.: iiih.v tf> iilgh. 
I do not W'.mt to uny all k ■: vvcu ir.o;*t :;tudon'.!; w^uLl I --^ irMit^lit-ed witli r.uc'i 
woik. Put I might (^niph'u^ i'.-.o rdrit movp.-i In Vh'^ 'ru';" li:'r>ct:!on I'; i* ;;Mf.3G 
in fToing. Tl'.at Ir,, it or'i'orri er.pl :*i oal v*^iio:\rc). vr. :i :.!u1-l! 1 1 tute t'lj:- imnchnl r 
thinklni-: atout coc.l.a! pvoi lorn:; 'ind the propert ; or; o i' .'-ocioty. (Lot me .nriy 
though llrtV n'lny vi>:oi*ou.'5 changer. In riocioty l-nve t ^^en lone I'mm the airici 'ii r, 
hut ot.h»'^i'!i h'l-. e hooii in ror poM.'^e to r'ltihcr .'■ir.pl'^ i ■jt oveivhe In: dnt'i."* 
There i h.ere oppor^::ni t.v t o ii-^o d.'Lt..i so r-. ve r'wr i' c-\n ho v^;.-'! rded 
an i)npuLutdori : n r/onr.at 1 on and to :;er ofher dafi ■ i r; k.O'^' .;un-in.v \ :i ; oth 
i ti' vi!i:ilty und : tsj rcliaJildty. Under th-^ !m'-'^:' c: :'CM:r;:U'i:icei- I'i rr t -cl 'i;^:; 
d i ncu:::'! i on ! i-;^ h r:;uf:^. Under the I'orner, '.die o.''te:' ' •.-•hoUier [\\r- d-tf-i 

i ad e qua t e i'ov po 1 : ey and ; xzV. w! . a t po ; ; o;.' i : e o ! c p^"^ ! . 

One could have : n f'-^ t i a] rtat'i: '!(::; I^ere vl *;:ou*: nec'^f^-m': ; .v dov-'ophit^ 
Iho r.atfiemal ! ca I I a^; i lor :'. 

Intoif! i r;el pi i nary wi •:); !,;.c phy.- ' ca ' '■:n;e:- . I h.^-v-- .•'^'^n uni tr; prepai'cd 
J'or tfio ana!;/rjir. ol' data i'ron expor : r:enl ; vci'?: a-"; ' 'r.o iciO'il. levo' iy niiyjiica! 
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work Cor group t'h'tn I'or I ;!o l.'\t.otl pooplo work (tit' on 'i uoiiuiii 1 1 no , Thr." com- 
mit t.on thu.T n neud foi* thin to br kl^no, bvit Kh'.-; i:;>t at: hh.l:; in wtM\h hiivt^ 
haw plaiir, or tMtid;; oV uvn !',o IK. ! liellcv^' thixt I'-, w mid oncour.'if^i! J^^ni' 
othor group to do :\!id timb it vou.l l to linppy ho f^ivo avivlc'> or di;;cu;;:i Ion, 
oumo oT the nii\t<!rLni. :nent-l ii'.-:! in MiO Kxiuiipl on V.:lAun<» isorKi n tiuil- If- 
gf\*:liMrf.* ! tiui edited .'iro, mui'.u*, appvopr I !i^t> f.u* ::iu*h ;Tpi?t :;, 

Ti-.i-CJ ''ippi'O-ica r"iM;f?r r.-onr ! do thn op|;oi'tun I t i o:: ' Tor t.;;n u;.'0 op r. t 'i Id is t [ - 
chI riud prol nP L 1 i t: t: ! c toc!:n i qim- in vp.c o.X!.:o:" i t ! on oP ot fior n'U 1 1 cm 1 tn(di- 
nlcpio:;. Ariotlinv vnl-ro! nrojoc* : v.P.'.;-: "'.Vint. ? -ind ldr>-i:; 'Uid motliodr 

rdioul 1 to pronontnd ' ■. -iidoun r.o:'*r; oP r; t ■: i^n t > •.■,•<»■:-■■ 'Mndnk! nroj-^r-un?" 

ConPoroiicr? \va:\ d: f:f;uc;::od Por otiipr r.or'Vr; r ■ .•■ ! iinj-'ir i cn , ■ ; tinnk tint, 

wo '\ro -i !M;t'dn i ott nv propai-nd n U:r\:\:ovo ' :. MM'thoiTi^ i cc> *o ror. ■.^■i: : -.'n m con- 
G to 1 ; .'ltd on oP jdP'i:; noodod *:'ian vn -i:*'-' .';<-'!•'■■. 1 rp 1 i f?vr> t :;!;; " i p^v- v'^'ct t.li.'it 
Will !-f^>-pi: i-o V'ln ;;n:p ol' :'or.n-ii-('':: */i *d r. t. i c ^ '>.:k"^ !'ro;". t ■ .'lp^;■:^•>( ''iPldM 'i:- V' M 
■ir. t!\o:>r> :'ror. tl;o ;"o:'n ir.a' :i'"'::riit- i rj-i ' ; l'^ t,o ooopor'i? vi*!'. iinof^ivHi'y tnnr'ic^'.- 
rind cu vrl cm 1 avi dovr; I oit . Af;n i, n , I ■ i;r; coh :". 1 om*. t; : /.i ' * ■ .n " A- [IC'IM C'orj:! i 1. 1 r*' ' 
wou! I ortcour'if^n iiavini^ Md:: vo :•!■■. lor.-^. '.-TiOt'.'^v *.:.ny vn-ill in -i ■^■/.■.i-Avtif for 
t!;o oPi'or*" oj' n'/-*:. I co'iP; ri :'' -f ;,!d .'■ 'd . 

v'.i r.r , r*:''"^!;! '"^i'' n:--rov'. c'm:^ '.w • oacid ;wr '-.•iIom' ; cr'-'f^c^, :v.o.-+. oP u:; 
Iav.o Po'ind *.:>Hl td.o:'';' 'f:dc*;; ^■■.■c;. pro.ior:', ■;-l.:'c ! '--'ctual dlPPi^uMy 

: \in vdic: ic r. ' zno-.: *c :p to'ic:/^; ' i-*Min;i-:: V';o ha'/n * ■ cnrt/rin 

oxp*"* Td onco:; . T' ' ' :' M.'l' •■■r- -ii-o 'ir'!, : :* ♦ ■ < '...-« ;:*'i:n:,* can't". 

-in ! n*".or'^r.: ' Tt^o : cm ! ' . '"'Os, ' ■"■ ■■ n 'd-i' ;;n • -i;: !:'irl no 

^vpn TiCO - '.'I'- * : i ' r: CUT ;■ ! • r. rn'i:*-:: ■ Aji nytj-;;dn ! :; t-x fv - 

rr-nn'a' •io:■i^■;n, w'.-.'.c. '. i:n.^ c > W ■ ' ' ! ii yvv.ry v:;.:;, '■ ' . . '.'i' l: ; 

h'ca-, a:.d calii: Per cu:- ; 1 ! i.:.-*^:-/.:* ' ,. , d'-- ■ .■•;.c: . i l t:\idnnt 

v;.o ha:: n^-.'~:' ; oo:; itivjlvni 1 'i /rnnu'i-;'' v^/^ : r- ' * -r. ■ ; ■ Pirir ' *■ -arl t-r. 
i-io' O!u-'-.i-0 ! ;:r-o : ;.ect;il-i ; ly, :--ir"'y T .:K:pr;c' ■ nr:T.:.:''> ft:::. ' f p.it 

inyr.'^ v d i >:o Po t: «■» '■u' '••■'.;!d. cP '.re:; p d:.;d:'^i v ' s- vi .■ . 'P: n r'-u-io ::*'idnrd. 
two or* 'i.roo yoar:: ' ■I'.ov '.\ in . 'tcd i*-- ■■' r;/; V' y .^^ v-- ■ 'Mut^P*. tjyr; 

tr;at-or: -p: . V/o ::avo ':\nr^:'cvn ■'. r-V:.";- '-p.- 't-^r* i'^ ■ . o:-:; --iv 
"irvr.;" V ■ C'y.-.n tidnr;;: c';^ :^ *:'tup;.* . - ' : >- '-.d- : c; • mr ' 
cMlr.u:"^-: cm:, i ^ :. '"'.^ ::onr;o vPa-, I ip;'^:: ;.■ ..y:. C:: / ; ' :: v dipl'nvoid 
ryi.ripn*:: Pv,-'^ co;-':'i::; quan: d. ' -it : vo r^/:;:-- *d Pii-O'^ , A :d-^\' ■ d. ~ ! w;;o :.-.r 

upont a doi n.:: "i c:.'-':';'-. cn l -ipprp:;' : c^rid r 'i: t iy . P' n^-f:^-.!. i 

ye-^r i^^radM-^^e studon': wpo 'r.-ir. nr.:': ■^^ir.'^. l -ipn:: ■! '.i.-r::- ' :d c ' - i :r ip;;pnrM':p 
rin:l "i.o c-PPoct. oP V'i:d 'irlon . 7.^ v'^>v^neo "^n ;-vP/::; ul th *d:o 

-.anV: : ; -md . 
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In wliu. oi\h': ut. rrulmr iicoopthi^* 'ho point ih'»t J'tr^' i o(viu;:n r.omoldln^ can 

"-lonij nor mnnn M-.nt nt;iilr>ni:i w! 1 ! )i!ck : up ot'f! ; y ;r tii^v i.-iKo |t t;;oii, 

V!;«^V<'' nuy I n j-pom \\?v I no ♦:■, •■»■; , 

flt;! ■ : -inotiinv ^x-i'; ♦ t );'it I t.hinU wrl!i rmn t ! on ! n^;'. !r t,l;o (lnt.nr-!;;ln: si i c 
vorld pro: ^-Tu Mi:;,' ;;tUln:it.j; Irlvo I'nnn I n")'lg)it '.ip on t ho t!,novy Mi-jt ♦ do 
world 1 :T '\ very dnt;nminlMr;l c pl;»cn, i l-> l» norm*-. ! moii ! vIkmi you c;in con* 
'.I'd many o:' v,i:n cond!'!on:5. But n t •»♦, ■ :t t. I.cs n:A juvi'-iV ! ! !. t y :n'.knn :3o:nf> i.->f 
ri.f^cn oUit'-;'!: 'innany. At'.aln, It U* no*: ::\o mutnrlnl ! ;i r.o 1 nlo 1 !«'cMu\l 1;, 

lil fvi cult, tut t!:!a t'oollnt^ tluit If rlmro -iro :".:iny li t'l'oron* 'ini.wnni Mnd it' 
OH'"* cm't t.n". 1 ;;ov •JilnfcTi: oor;:n ou*. M;nn in -i throat. nii! n^^; plncn. 

Conooquont ly ono w! t i. iuwo ♦.roul l.oi! rnst'f?' s^'-ulontr". wlio am i*nr.!rt.!ng tho 
nat-nrl'il. v.o* I'vor. lliVicu'ty w! ♦ h tho mnrho!-'!*- i m :. t'oatui-nr, 1 ut. !'roi;i • !:o 
I !".p: ■: c'it ! oni- whicr:; t,r.<?y vagunly line \l tifiving :'or ♦:ho worM. And of 0'v7ur'j;n 
It raLr.nG quocMcni^ al ou* thn n'ii:n inrra:;t ; :;'.;iro\*0!nen*. of unrar h; factory 
uL tiia* Ion:; !n tj.o wor.M. Wo uvo !"or-. ! . too, of r.iyine', t.'tt. vo don't know nfout. 
'■dria , f\r,\ v« ior.'t kr.v,>w at ouv tha*. . J:. : (?rt;urta* n 1 y , r.C'rio*.: ino:^ v, -mi vo sio know 
r ou*- *:!;!.'•:: and J.i.a'. , ■ ;'.p i::a*.:;oriat i cr tcH:' un vo can't cf.ant';'^ tiilnfV'-. rail 
o-.U'GOivon i ocaurn o ;" "^xc'Tg i cor.t or lack jf con^'ro' f varlal Inc. All 
•. ^c.o tfioait C'::. in h.ai*^i for an Ldoa]l;;t:;c yc ntm or ov"":*: 'i jiarirjoc^o i old 
or;c t:o accop*. . I :r.u;:': no^ ovornini :;a:; ! rn '■iii:: {:ynd:vr.n, ' T :,'r.'o i:on:; -r^ny 
a r;ood a*,".:ion*: vory "ro'-fidod. K>:cnpr. i'ot >r'vd '.::\t', ^;:]oor* -i ; n ' y '.r ar. ar.'%-';"j- 
•ar product. 

I d not oxfnct a'.I rvulonr." ".o Mko a::y \"\y' \ c^'w :ar- of V 3 
a:r.' nore '..-v c.:.o;. aro all sc;ng to ^ i ko pr-i^of ":. yo^i-.o^vy ji;;ran;i L ttk conic.-. 
Put" I V-i.ink L •.'a",ua:''o pi'cjoc*. womI : : <^ t'O dI:;c,:'.'or *::.o ■■-■'Or orlnri" i 
witic. to pronor.*" !.i^:ngr: ^r.d ' .■0'.*:or "".irjoc r./i* "or vo:.!. o!o.". :"or in^i^rn 
t;.n c-.udont. 

On • ono :.ari i vo O'ir. ir.ak*:* "^ro ;-;a*'" ;"' ■ v^v r*^ ! ova:: • . ■ r v> i '. :.-ivo 
noon tiio "r ori^d 3 lor. t , v::'^::.p;" ti-!*'-.*- :■ l.:!., •."'.l-'.o r 'f f a; c.;* a prc'i 'cm ';.'*.*■ 
;.ai3 no ro'.ovanco ro a.ay:;. ; rJ^!; o:-;cnp-'. *.;.a" ;.g .-u : in:^ : vl:.". vo kn'^^v. Vor;. 
cftnr. r'olovar.t pro; ".or:iG arP 'orrl'i ;." c rrpV; cat^ ; a: ; .^i'Oc!;'!o irr! ;.avo ro 
?. :iy t rou^ . '^r t '• ; a •; : .0 * r z :. r. i; 1. ; f • " ! c r: c ar. : : . r ' . " ' r I oad ! .-' t Ar. '."v- -.y ^ 
i > :*ol.pvn;,co c">:. :o r'^'oroi a; f -^c * , I '"i r 1 " v, -i.o ilrti.'iv 

pro': ^ orr. , ^::o rocrotary r:'c: 'tri! "r.n " 'ir;l J -'^r.k"! fy''.!:'^ rr*:: lor, 'iro 

'^^.T.rac*. ^ rind fan : :i '-r-.o-r ovn rl»yi/ -^vor. if ":;.oy ■ - ^nro ,.-i-«;;u:no 

application ".n mcro go!.'..* M ca^-o ! fo-"." a* ''O ' y.^:.' '. r. u./.iko'y '•■.r.'^-.' 
-i ' ou ' . 
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dliuvtiinlon f\* r.Mi3ii O-'H I'lM-oncr , ■tt..l ivirf ly ly \ lu nv; tlnrtnl ir, r.lnoo Mio 

mamincrl p* i; Vov < mc Itptiu- Kx'^iipl^sJ V^huiiO 'inti Kniwiyji App 1! iviM onit .';'i<nil(l I o 
t'Inluho'.l rioxv your, Mm /\r^A-IK"lT'l a)i;imMtof' Ir convonin^ i iua;\Il con t^ronof^ 
Moolt', Docoiiil-or Ij, UJ/O. 'VUr^ Con '.''^r'nico will 'l[;-oui:;' t;,o t'arUior iioovln fuvl 
t\it'uro v-iiVf'.i; In oloinon' ury 'in 1 rt'CtMi iury f.c;:ool woi'k In prolallllty nn I 
Otutlntlcc. VI til Mio 'i!d 01' 1 i ro'.ii::j ion:: fvon tlint Coni'oronco, tho CoimUtoo 
liop'^r- *n:n;kif>'* P.i:M!i'T recotrjnon'i'r !. mi:; w ' hf purorit ;',oolot!rn. 



FOOniOTE . Con :'i nn -.o : ' l * r\ ^iri ; yc 1 r. i n c I \i 1 c r. o ' ; O' ! c o * : ■ t n*^ 
c Lgnl C'lnco or ovh.or r.ottiod^j of in I'oi'onco w:::c:; r.ar.y pocp^o nscoC. '^r; 
otatiurlcn riOtiiO'lr, Tor :'or;oarc:: wor'rto:*:-, . In .-.any o '^.o:-'-' r:'^i;.o.h- " ' 
lurkinf^ in ^;.o nckgno'.iM i - r. V'.'f, "in o>:p^-:-''mon'- toon '^xoL-.r.n 1 viv. ■( 
npoci rfc -."wl'i^'^c or K-'. inction *-,c :o "lr,-*.od". Proviioi vo -ic ~ ' ci'i: ;ongo 
'iny a£!r.ijr.*.:v i onr: , ^liL:; vorV: cm :o no'ir. nn'i ti .ly. Tlio r/^":.or.nt ! c:' 
"clojo-l" v;*r. L'p'^cii'l c '\r.::vo:T: . ?'!oro *:\\r. wc:r : r. ir n'^ in o " cr.'^r; * 'i r-;. 
cViti c " 1 g:: CO i:':}o:: *,0'l'i.y *.i-.'v:; '^:':p'..Oi"i.':o:'y :iatr\ "tni 1 • "1:0 I'l^'or ol''"oi';" 
wiy^^ '■ ■ •'tcki-in^"; -'i-'^o loiloj ana "r.-r'n^* ro- v.ako L'or.o ."or.-so of 'J-tOrv.. 

Ev ; . ;.' v o ; * i t. , 'i r , .i * '■ . oy i : i u :*n i :*o :^ cr.ov: 1 1 1 1 ' I 'o r o n *, i'z'or. r 'lv; p 1 

mo-.r.c-l - > TV , : nf- v: "vt : ■ ! : ' ,-" , "'^inr", " I'f flninr varj nblo.-*" . nn ! "rv n- 
sir.pli r.i' orrcr."". 
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